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the  solid  chemical  used  to  make  up  a  fresh  solution) ,  reduce  the  amount  of  suspended 
solids  and  sludge  formation  on  the  tank  bottom,  reduce  sodium  hydroxide  usage  (but  not 
sodixim  gluconate  usage),  decrease  drag-out  of  solids  and  liquid  to  the  rinse  water, 
increase  the  bath  life,  decrease  hazardous  waste,  and  reduce  the  labor  required  to 
manually  remove  the  sludge  periodically. 
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SECTION  1 


INTRODUCTION 

This  report  summarizes  the  results  of  a  hazardous  waste  minimization  test 
program  aimed  at  reducing  the  generation  of  hazardous  waste  from  alkaline  paint¬ 
stripping  operations.  This  program  was  conducted  at  Letterkenny  Army  Depot  (LEAD) 
on  the  alkaline  paint-stripping  operation  in  Building  350.  The  work  was  sponsored  by 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA). 

1.1  BACKGROUND 

The  mission  of  LEAD  is  to  receive,  store,  maintain,  and  issue  general  supplies 
and  ammunition  in  support  of  Department  of  Defense  (DOD)  activities.  This  Includes 
the  overhauling,  rebuilding,  and  testing  of  wheeled  and  tracked  combat  vehicles,  mis¬ 
sile  systems,  fire-control  systems,  and  associated  secondary  items.  As  part  of  the 
refurbishing  process  of  various  components  and  equipment,  LEAD  uses  numerous 
chemical-stripping  operations.  In  one  operation,  disassembled  metal  parts  coated  with 
metal-based  paints  are  stripped  by  use  of  a  strong  alkaline  paint-stripping  solution. 
Paint  removed  from  the  metal  parts  remains  in  the  bath  as  a  sludge.  Until  recently, 
this  paint  sludge  was  removed  only  when  the  alkaline  paint-stripping  solution  was 
replaced  (usually  after  6  months). 

The  accumulation  of  paint  sludge  in  the  alkaline  paint-stripper  bath  is  an  impor¬ 
tant  factor  in  limiting  the  life  of  the  solution.  TTie  removed  paint  continues  to  react  with 
the  alkaline  components  in  the  solution  and  reduces  the  solution’s  cleaning  and  strip¬ 
ping  capacity.  Stripper  solution  exhaustion  is  evident  to  LEAD  tank  operators  when 
rapid  depletion  of  the  stripping  chemicals  begins  to  occur  and  increased  drag-out  of 
solids  (accumulated  sludge)  from  the  bath  creates  an  operational  problem.  Drag-out 
of  solids  contributes  to  stripper  depletion  because  liquid  containing  active  ingredients 
will  be  absorbed  In  the  solids  and  carried  out  of  the  bath.  The  drag-out  of  solids  also 
contributes  to  contamination  of  the  rinse  water  following  the  stripping  bath.  Removal 
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of  the  solids  in  the  bath  will  reduce  solution  depletion  due  to  solids  drag-out.  Solids 
removal  may  also  reduce  chemical  usage  due  to  elimination  of  the  reactions  with  paint 
previously  stripped  from  the  parts. 

For  this  project,  a  pressure  filtration  system  was  purchased  for  the  continuous 
removal  of  paint  sludge  from  the  bath.  Testing  was  conducted  to  evaluate  the  effec¬ 
tiveness  of  the  pressure  filtration  system  in  removing  solid  material  from  the  alkaline 
paint-stripper  bath  and  to  quantify  the  effects  on  the  alkaline  paint-stripping  operations. 
As  part  of  the  technology  review,  laboratory  testing  was  also  conducted  to  evaluate 
further  the  potential  of  a  centrifuge  to  remove  particulates  from  the  alkaline  paint-strip¬ 
per  bath. 

1.2  OBJECTIVE 

The  objective  of  this  project  was  to  reduce  the  overall  generation  of  hazardous 
waste  from  alkaline  paint-stripping  operations  by  extending  the  life  of  the  alkaline  paint 
stripper  solution. 

1.3  TECHNICAL  APPROACH 

The  technical  approach  to  this  project  consisted  of  performing  the  following 

tasks: 

•  Characterization  of  the  waste  generated  by  the  alkaline  paint-stripping 
operations 

•  Characterization  of  the  chemistry  of  the  alkaline  paint-stripper  bath 

•  Survey  of  technologies  capable  of  removing  solids  from  the  bath 

•  Selection  of  the  most  effective  and  economical  technology  to  reduce 
stripper  solution  depletion 

•  Design,  Installation,  and  startup  of  the  selected  system 

•  Performance  testing  on  the  system 
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•  Summarization  of  results  in  a  final  report. 

A  preliminary  plan  was  developed  to  sample  the  alkaline  paint-stripper  bath  and 
to  characterize  the  solid  materials  generated  from  the  alkaline  paint-stripping  operation 
(Draft  Assessment  Plan.  Section  4.0)  (ESE,  1990a).  The  results  of  the  initial  sampling 
analyses  are  presented  in  the  Preliminary  Waste  Characterization  of  the  Alkaline  Paint 
Stripper  Bath  at  Letterkennv  Army  Depot  (Waste  Characterization  Report)  (ESE, 

1990b).  The  Draft  Assessment  Plan  also  outlined  applicable  technologies  for  separat¬ 
ing  solid  material  from  the  alkaline  paint-stripping  solution  (ESE,  1990a). 

The  characteristics  of  bath  chemistry  were  determined  from  information  found  in 
literature  and  reports  compiled  during  the  preliminary  v/ork  conducted  to  identify  the 
composition  of  the  alkaline  paint-stripping  solution. 

The  information  gathered  and  presented  in  the  two  reports  identified  in  the  pre¬ 
ceding  paragraphs  v/as  the  basis  for  selecting  a  particular  technology  to  reduce  the 
generation  of  hazardous  waste  by  prolonging  the  life  of  the  alkaline  paint-stripping 
solution.  This  system  was  designed.  Installed,  and  started  operation  under  the  direc¬ 
tion  of  Envlionmental  Science  and  Engineering,  Inc.  (ESE).  The  details  of  these  tasks 
are  presented  in  this  report. 

Upon  completion  of  startup,  performance  testing  was  conducted.  The  results  of 
the  performance  testing  are  presented  in  this  report. 
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SECTION  2 


ALKALINE  PAINT-STRIPPING  PROCESS 

2.1  PROCESS  DESCRIPTION 

The  alkaline  paint  stripper  tank  selected  for  filtration  has  a  capacity  of 
3300  gallons  of  alkaline  paint-stripping  solution;  however,  the  tank  is  normally  operated 
with  approximately  2500  gallons.  The  tank  dimensions  are  18  feet  long,  4  feet  wide, 
and  6  feet  deep  (Figure  1).  The  tank  is  open  at  the  top.  The  level  of  the  alkaline 
paint-stripping  solution  is  normally  maintained  at  approximately  14  inches  below  the 
top  of  the  tank.  A  ventilation  system  around  the  top  rear  edge  of  the  tank  is  used  to 
remove  any  steam,  fumes,  or  vapors  generated  during  the  paint-stripping  operations. 

The  alkaline  paint-striping  solution  is  made  of  water,  sodium  hydroxide,  sodium 
gluconate,  and  trace  compounds  (Table  1).  It  contains  3  pounds  of  MIL-C-46516A 
(MR)  (solid  alkaline  paint  stripper)  per  gallon  of  water  (U.S.  Army,  1972).  The  viscosity 
of  the  solution  is  approximately  35  centipoise.  Sodium  hydroxide  provides  alkalinity 
and  detergent  action.  The  sodium  gluconate  serves  to  derust  parts  by  sequestering 
iron  (III);  the  oxide  of  iron  (III)  is  FegOg,  or  rust.  Additional  information  on  bath  chem¬ 
istry  is  presented  later  in  Subsection  6.2.  The  alkaline  paint  stripper  is  analyzed  by 
LEAD  to  maintain  the  sodium  hydroxide  and  sodium  gluconate  concentrations. 
Although  sodium  hydroxide  and/or  sodium  gluconate  are  added  to  maintain  solution 
strength,  these  additions  do  not  include  the  trace  compounds  contained  in  the  solid 
alkaline  paint  stripper. 

2.2  PROCESS  OPERATION 

Steel  parts  coated  with  metal-based  paints  and  natural  resin  binders  are 
stripped  in  the  bath  selected  for  filtration.  The  alkaline  paint-stripping  solution  is  not 
effective  for  removing  paints  with  synthetic  resins  such  as  urethanes  and  epoxides. 
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Figure  1 .  Schematic  of  Alkaline  Paint-Stripping  Tank. 
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TABLE  1.  COMPOUND/ADDITIVE  COMPOSITION  OF  CORROSION-REMOVING 

SOLID  ALKALINE  PAINT  STRIPPER^ 


Ingredient 

Solid  alkaline  paint 
stripper  composition 
(dry  weight  percent) 

Concentration  in 
fresh  solution  . 
(weight  percent)  ° 

Rejuvenating  additive 
(weight  percent)^ 

Sodium  hydroxide 

66.0 

17.5 

- 

Mineral  seal  oil 

1.00 

0.26 

1.00 

Fluorochemical  surfactant 

0.02 

0.005 

0.02 

Sodium  carbonate 

1.62 

0.43 

5.00 

Sulfonaied  oleic  acid,  sodium 
salt 

1.25 

0.33 

- 

Sodium  gluconate 

20.0 

5.3 

27.0 

Sodium  sulfate 

- 

- 

14.78 

Salt  of  triacetic  acid^ 

6.50 

1.72 

7.00 

Sodium  alkyl  sulfonate 

1.00 

0.26 

1.00 

Sodium  matasilicate 

0.10 

0.026 

0.20 

Zinc  silicofluoride 

1.50 

0.40 

2.00 

Methyl  naphthalene  sulfonate 

1.00 

0.26 

- 

Total  phosphate 

- 

- 

42.0 

Ferric  chloride 

0.01 

0.003 

- 

^  U.S.  Army,  1972. 

^  Calculated  by  the  equation;  Wt.  %  in  solution  =  (3  Ib/gal  x  dry  wt  %)  -  (3  Ib/gal  +  8.34  Ib/gal). 


The  specified  rejuvenating  additive  is  currently  not  added  to  the  solution  at  LEAD. 
Sodium  salt  of  N-hydroxyethylethylenediamine  triacetic  acid,  dihydrate. 
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The  synthetic-resin-based  paints  are  therefore  stripped  with  alternate  methods  such  as 
immersion  in  a  mixture  of  dichloromethane  (methylene  chloride)  and  formic  acid  or 
abrasive  blasting.  Aluminum  parts  are  not  stripped  in  alkaline  solutions  because  these 
solutions  chemically  attack  such  parts.  The  alkaline  paint-stripping  solution  is  main¬ 
tained  at  a  temperature  between  190  and  210°  F  via  steam  panels  that  line  an  inside 
wall  of  the  tank.  A  temperature  controller  regulates  the  flow  of  steam  to  maintain  the 
operating  temperature  in  the  bath.  The  tank  solution  is  agitated  and  mixed  by  air 
sparging  through  tubing  positioned  along  the  bottom  of  the  tank. 

Painted  metal  parts  to  be  stripped  are  immersed  in  the  bath  by  use  of  an 
overhead  crane.  Military  specifications  specify  an  immersion  time  of  20  to  60  minutes 
to  remove  paint  and  rust.  Parts  at  LEAD  may  remain  in  the  bath  for  a  maximum  of  24 
hours;  the  actual  time  required  for  removal  of  the  paint  and  rust  is  not  available.  As 
the  alkaline  paint-stripping  solution  breaks  down  the  paint  binder,  pieces  of  the  coating 
are  removed  from  the  surface  of  the  part  and  either  settle  to  the  bottom  as  a  sludge  or 
remain  suspended  in  solution.  This  sludge  continues  to  react  with  the  paint  stripper  in 
a  saponification  reaction,  as  shown  in  the  following  equation: 

R-COO-CHg  HO-CH2 

I  I 

R-COO-CH  +  3Na0H  --->  3R-C00Na  +  HO-CH 

I  1 

R-COO-CH2  HO-CH2 

As  ihis  equation  indicates,  continued  contact  between  the  paint  sludge  and  the 
paint  stripper  results  in  the  consumption  of  sodium  hydroxide,  which  ultimately 
reduces  the  cleaning  and  stripping  capacity  of  the  solution.  In  addition,  buildup  of 
sludge  on  the  bottom  of  the  tank  creates  operational  problems  in  fitting  large  parts  in 
the  bath  that  require  the  entire  tank  depth.  When  the  required  chemical  makeup  and 
the  operational  problems  become  excessive,  the  bath  is  disposed  of  as  hazardous 
waste.  At  this  time,  the  sludge  often  must  be  chipped  off  the  sides  and  bottom  of  the 
tank,  which  is  a  labor-intensive  process.  Each  time  the  tank  is  emptied  (about  twice  a 
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year)  approximately  2,200  gallons  of  alkaline  solution  and  three  55-gaIlon  drums  of 
sludge  are  disposed  of. 

A  hot-water  rinse  tank  is  used  after  the  stripping  bath  to  remove  the  alkaline 
paint  stripper  and  solids  dragged  out  of  the  solution  from  the  parts.  This  rinse  water  is 
treated  in  a  v/astewater  treatment  plant  and  contributes  to  the  generation  of  a  hazard¬ 
ous  sludge.  Increased  sludge  buildup  in  ihe  stripping  tank  results  in  increased  solids 
drag-out  contaminating  the  rinse  water  as  well  as  more  time  required  to  rinse  parts. 
Treatment  of  the  more-contaminated  rinse  water  results  in  increased  hazardous  waste 
generation.  Because  the  solids  contain  absorbed  liquid,  solids  dragout  will  further 
reduce  the  solution’s  stripping  capacity. 

The  concentrations  of  sodium  hydroxide  and  sodium  gluconate  in  the  alkaline 
paint-stripping  solution  are  maintained  through  weekly  sampling  of  the  solution  by  the 
bath  operators  and  analyses  by  the  LEAD  laboratory.  Details  of  the  bath  sampling 
and  analysis  methods  are  presented  in  the  Draft  Assessment  Plan  (ESE,  1990a). 

Based  on  historical  data,  the  life  of  the  alkaline  paint-stripping  solution  is  approximately 
6  months. 

2.3  WASTE  CHARACTERISTICS 

Three  waste  streams  are  generated  by  the  alkaline  paint  stripper  operation;  the 
exhausted  liquid  alkaline  stripper  solution  pumped  from  the  tank,  the  solid  sludge  layer 
formed  at  the  bottom  of  the  tank,  and  the  contaminated  rinse  water.  A  summary  of 
the  bulk  properties  of  the  stripper  liquid  and  sludge  is  presented  in  Table  2;  the  rinse 
water  was  not  sampled  during  the  current  project. 
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TABLE  2.  SUMMARY  OF  ANALYTICAL  RESULTS  FOR  ALKALINE 
PAINT-STRIPPING  SOLUTION  AT  LETTERKENNY  ARMY  DEPOT 


Parameters 

Sample  type 

3/20/90® 

Sample  date 
4/12/90®  5/2/90® 

1/7/91^ 

Total  residue  (mg/L) 

Representative 

727,000 

668,000 

525,000 

636,000 

Filterable  residue  (mg/L) 

Representative 

1,500 

2,500 

9,700 

143,000 

Nonfillerable  residue  (mg/L) 

RepresentatKe 

726,000 

665,000 

525,000 

493,000 

Specific  gravity 

Liquid 

1.34 

1.30 

1.23 

1.33 

Specific  gravity  (sludge) 

Sludge 

na'^ 

1.58 

1.31 

1.66 

Alkalinity  (mg/L  as  CaCOj) 

Liquid 

- 

- 

- 

- 

End  point  pH  8.3 

NA 

354,000 

304,000 

NA 

End  point  pH  4.5 

NA 

390,000 

341,000 

NA 

^  Results  presented  in  the  Waste  Characterization  Report  (ESE,  1990a). 
^  New  alkaline  paint  stripper  bath  put  into  service  on  1 1  /7/90. 

Q 

NA  =  Not  analyzed. 
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SECTION  3 


TECHNOLOGY  AND  EQUIPMENT  SELECTION 

3.1  REVIEW  OF  APPLICABLE  PARTICULATE  REMOVAL  TECHNOLOGIES 

Because  sludge  accumulation  in  the  bath  was  clearly  both  an  operational  prob¬ 
lem  and  a  waste  disposal  problem,  a  convenient  method  to  remove  the  sludge  was 
needed.  Several  technologies  were  considered  for  removal  of  particulate  from  the  al¬ 
kaline  paint  stripper  bath: 

°  Pressure  (bag)  filtration 
o  Centrifugation 
o  Gravity  belt  filtration 
o  Vacuum  filtration 
o  Hydrocyclone 
o  Microfiltration 
o  Sedimentation 
o  Skimmers. 

Based  upon  the  data  presented  in  the  Di  ^,ft  Assessment  Report,  discussions 
vy'ith  vendors,  and  past  experience  at  the  LEAD  .acility,  a  pressure  filtration  system 
(using  bag  filters)  was  selected  to  collect  the  particulate  in  the  alkaline  paint  stripper 
bath  (ESE,  1990a).  Each  technology  considered  is  discussed  in  the  following  subsec¬ 
tions. 

3.1.1  Pressure  Filtration 

Pressure  filters  are  devices  in  which  the  filtering  pressure  is  imposed  by  a  liquid 
pump  (Figure  2).  These  systems  can  be  operated  either  batchwise  or  continuously. 
The  filtering  media  are  typically  cartridges,  screer,^-  filter  uags.  Pressure  filter  sys¬ 
tems  are  capable  of  rapid  filtration  and  enable  difficult  separations  that  would  other¬ 
wise  be  slow.  These  systems  are  compact  compared  with  other  technologies  and 
have  a  relatively  low  capital  cost  (Perry,  1973).  Also,  the  ability  to  change  the  bag 
pore  sizes  offers  flexibility  in  removing  particles  of  different  sizes. 
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3.1.2  Centrifugation 

Centrifuges  remove  or  concentrate  particles  of  solids  in  a  liquid  by  causing 
them  to  migrate  radially  through  the  fluid  toward  or  away  from  the  axis  of  rotation, 
depending  on  the  density  differences  between  particles  and  liquid  {!^igure  3).  The 
discharge  can  be  intermittent  or  continuous.  Several  types  of  centrifuge  technologies 
are  available  depending  upon  the  process  requirements  (Perry,  1973). 

A  centrifuge-based  system  is  significantly  more  expensive  than  a  pressure  filtra¬ 
tion  system.  Also,  the  high-speed  rotating  com.ponents  result  in  maintenance  costs 
higher  than  those  for  a  pressure  filtration  system.  A  centrifuge  i?  designed  to  collect 
particulate  with  specific  charactenstics  (i.e.,  size  and  density)  by  controlling  the  ro¬ 
tational  speed  and  throughput  of  liquid.  Because  the  rotational  speed  and  liquid 
throughput  can  only  be  varied  in  a  narrow  range,  however,  centrifugation  does  not 
have  the  operational  flexibility  of  a  pressure  filtration  system. 

Based  on  discussions  with  vendors,  some  limited  research  was  conducted  to 
evaluate  the  applicability  of  a  centrifuge,  as  discussed  in  Subsection  5.6.4. 

3.1.3  Gravity  (Hydrostatic)  Filtration 

In  a  gravity  filter,  the  flow  (if  the  liquid  across  the  filter  media  results  from  the 
hydrostatic  pressure  of  the  prefiltered  liquid  (Figure  4).  Because  this  presrure  is  al¬ 
ways  relatively  low,  gravity  filters  are  used  only  for  relatively  freely  filtered  materials  and 
in  cases  where  high  flow  rates  are  not  required.  Also,  these  units  are  large  and  re¬ 
quire  extensive  floor  area.  These  filters  are  simple  devices  with  easy  maintenance 
requirements  and  low  initial  capital  costs;  however,  they  are  seldom  used  in  process 
industries  and  are  more  appropriate  for  small  pilot-scale  plants  (Perry,  1973). 

Several  years  ago.  a  gravity  belt  filtration  system  was  installed  on  the  alkaline 
paint  stripper  batn  in  Building  350.  This  system  was  supposed  to  remove  solids  from 
the  alkaline  paint  st  ipper  solution.  The  foaming  of  the  alkaline  paint-stripping  solution, 
which  was  due  to  the  extreme  detergent  effect  caused  by  sodium  hydroxide  and 
possibly  soaps  formed  in  the  saponification  reaction,  prevented  the  filtration  system 
from  operating  effectively.  The  foaming  problems  associated  with  the  use  of  this 
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Courtesy  of  Robatei  Inc.,  Pittsfield,  Massachusetts 


Courtesy  of  Filtertech,  Manlius,  New  York 


equipment  caused  it  to  be  rejected  for  removing  solids  from  the  alkaline  paint  stripper 
bath.  The  filter  unit  is  currently  used  to  filter  honing  oil,  a  more  appropriate  application 
of  this  type  of  filter. 

3.1.4  Vacuum  Filtration 

A  vacuum  filtration  system  operates  in  a  manner  similar  to  that  of  the  gravity 
filtration  system;  however,  the  flow  of  liquid  across  the  filter  media  results  from  the 
hydrostatic  plus  the  vacuum  pressure  created  on  the  "clean"  side  of  the  filter  (Fig¬ 
ure  5).  This  system  is  also  appropriate  for  use  with  relatively  freely  filtered  materials. 

A  vacuum  belt  filtration  system  was  investigated  and  rejected  for  this  application 
because  of  its  high  capital  and  operating  costs  compared  with  the  pressure  filtration 
system  and  the  relatively  large  size  of  the  system  (Perry,  1973).  This  system  v;ould 
also  be  subject  to  foaming  problems  similar  to  those  that  occurred  with  the  gravity  belt 
filter.  Overall,  vacuum  belt  filtration  systems  are  more  difficult  to  operate  than  are 
pressure  filtration  systems. 

3.1.5  Hydrocyclone 

A  hydrocyclone  is  a  wet  classifier  suitable  for  collecting  large,  regular-shaped 
particulate  (Figure  6).  The  hydrocyclone  has  had  only  limited  success  in  separating 
finer  irregular-shaped  particulate  such  as  that  generated  in  the  alkaline  paint  stripper 
bath.  Also,  the  concentrated  effluent  stream  of  solid  material  will  contain  significant 
quantities  of  alkaline  paint  stripper  solution.  Therefore,  an  additional  separation  device 
(e.g.,  a  filter  press  or  a  gravity  filter)  would  have  to  be  used  with  this  equipment.  Be¬ 
cause  of  these  limitations,  a  hydrocyclone  was  rejected  for  application  on  the  alkaline 
paint  stripper  bath. 

3.1.6  Microfiltration 

Microfiltration  is  a  membrane  filtration  technology  that  operates  in  the  batch 
mode  (Figure  7).  In  this  process,  a  quantity  of  the  alkaline  paint  stripper  solution  is 
removed  from  the  bath.  This  quantity  is  slowly  cleaned  as  it  is  forced  through  a 
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Figure  7.  Illustration  ot  a  Microtilter. 

Courtesy  of  Bazell  Associates,  Inc.,  Walnut  Creek,  California 
representing  Toto  Separator  Industries,  Co.,  Ltd.,  Tokyo,  Japan 


membrane.  The  remaining  material  is  a  liquid  stream  containing  the  alkaline  paint 
stripper  solids.  As  with  the  hydr  cyclone,  an  additional  device  (e.g.,  a  filter  press) 
would  be  required  with  this  sysk  i  to  make  the  final  separation  of  the  concentrated 
solids/liquid  stream.  This  system  contains  several  components  and  requires  a  large 
amount  of  room.  Also,  the  durability  of  the  membrane  element  is  somewhat  variable 
and,  in  some  applications,  may  require  frequent  element  replacement.  Because  of  the 
high  pH  of  the  alkaline  paint  stripper  solution,  identifying  a  suitable  membrane  could 
be  difficult.  Because  of  these  limitations,  this  technology  was  rejected  for  use  on  the 
alkaline  paint  stripper  bath. 

3.1.7  Sedimentation 

The  sedimentation  process  uses  a  settling  tank  or  chamber  to  remove  particu¬ 
lates  from  the  liquids.  The  particulates  settle  out  of  the  liquid  as  a  result  of  differences 
in  density.  Sedimentation  is  a  slow  process  that  requires  a  moderate-sized  chamber. 
This  process  is  incapable  of  collecting  fine  particulates  such  as  those  generated  in  the 
alkaline  paint  stripper  bath.  Also,  after  the  material  has  settled,  it  still  must  be  sep¬ 
arated  from  the  liquid  solution  (e.g.,  by  a  filter  press).  This  system  contains  several 
components  and  requires  a  large  amount  of  room.  Because  of  these  limitations,  this 
technology  was  rejected  for  use  on  the  alkaline  paint  stripper  bath. 

3.1.8  Skimmers 

A  skimmer  is  appropriate  for  removal  of  solids  that  collect  on  the  top  of  the 
alkaline  paint  stripper  bath  (Figure  8).  Solids  on  the  surface  of  the  alkaline  paint  strip¬ 
per  bath  are  not  a  significant  problem  compared  with  the  sludge  layer  on  the  bottom 
of  the  tank.  Given  the  density  of  the  solids  that  i.iake  up  the  sludge,  at+empting  to 
float  tfiese  solids  through  the  use  of  some  type  of  dissolved  air  flotation  (DAF)  tech¬ 
nology  is  not  likely  to  be  successful.  Therefore,  this  technology  would  not  solve  the 
problem. 
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3.2  REVIEW  OF  APPLICABLE  PUMPING  TECHNOLOGIES 


Regardless  of  the  separation  technology  selected,  it  was  necessary  to  rnove  the 
solution  from  the  bath  to  the  treatment  equipment  and  back  again.  The  following 
types  of  pumps  were  evaluated  for  circulating  the  alkaline  paint-stripping  solution 
through  the  pressure  filtration  system: 

°  Progressing  cavity  pumps 
o  Centrifugal  pumps 
o  Diaphragm  pumps 

Because  of  the  potentially  high  solids  loading  in  the  alkaline  paint-stripping  solution 
and  the  physical  characteristics  of  the  paint  solids,  a  progressing  cavity  pump  was 
selected  to  move  the  alkaline  paint-stripping  solution  through  the  pressure  filters. 

3.2.1  Progressing  Cavity  Pump 

A  progressing  cavity  pump  is  a  positive-displacement  pump  capable  of  convey¬ 
ing  fluids  with  a  wide  range  of  characteristics  (Figure  9).  The  key  components  of  the 
pump  are  the  rotor  and  the  stator.  The  rotor  is  a  single  external  helix  with  a  round 
cross  section.  The  stator  is  a  double  internal  helix.  As  the  rotor  turns  within  the 
stator,  cavities  are  formed  that  progress  from  the  suction  to  the  discharge  end  of  the 
pump  (Figure  10). 

This  pump  is  well  suited  for  pumping  liquids  with  high  solids  content  and/or 
high  viscosities.  A  progressing  cavity  pump  is  capable  of  passing  solid  fluids  (e.g., 
sand)  as  well  as  larger  pieces  (e.g.,  Vi-in.  spheres).  Because  the  pump  operates  at 
relatively  low  speed  and  low  sheer,  it  minimizes  the  further  breakdown  of  paint  pieces 
that  are  removed  from  the  stripped  parts.  A  progressing  cavity  pump  can  produce 
high  discharge  pressures  even  at  moderate  flow  rates. 

3.2.2  Centrifugal  Pump 

A  centrifugal  pump  is  the  most  widely  used  pump  for  the  transfer  of  liquids 
(Figure  11).  This  pump  comprises  an  impeller  rotating  within  a  casing.  The  impeller 
consists  of  several  blades,  either  open  or  shrouded,  mounted  on  a  shaft  that  projects 
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Figure  9.  Illustration  of  a  Progressing  Cavity  Pump. 
Courtesy  of  Robbins  &  Myers,  Inc.,  Springfield,  Ohio 


out  to  the  casing.  The  casing,  a  chamber  in  which  the  impeller  rotates,  includes  inlet 
and  outlet  connections  for  the  liquid  being  pumped.  A  centrifugal  pump  was  rejected 
for  this  application  because  of  the  high  sheer  nature  of  '.he  equipment  and  the 
operational  limitation  in  liquids  with  high  solids  content.  A  centrifugal  pump  is  capable 
of  passing  a  liquid  containing  fine  solids.  The  filtration  suction  line  from  the  LEAD 
alkaline  paint  stripper  tank,  however,  may  pass  a  high-solids-content  stream  (Subsec¬ 
tion  5.3.2)  and  metal  parts  from  the  paint-stripping  process,  and  either  of  these  materi¬ 
als  could  cause  pump  clogging  or  excessive  rotor  blade  erosion.  Also,  the  sheer 
generated  by  the  pump  would  break  up  the  soft  stripped  paint  pieces. 

3.2.3  Diaphragm  Pump 

A  diaphragm  pump,  a  type  of  reciprocating  pump  (Figure  12),  is  typically  air- 
driven.  Diaphragm  pumps  differ  from  standard  reciprocating  pumps  in  that  the  recip¬ 
rocating  driving  member  is  a  flexible  diaphragm  fabricated  of  metal,  rubber,  or  plastic. 
The  advantage  of  using  a  diaphragm  is  that  all  packing  and  seals  are  not  exposed  to 
the  pumping  liquid.  Because  of  their  slow  speed  and  large  valves,  these  pumps  can 
transfer  delicate  materials  when  degradation  of  the  suspended  solids  is  undesirable.  A 
major  consideration  in  the  application  of  diaphragm  pumps  is  that  diaphragm  failure 
will  eventually  occur,  and  the  consequences  of  a  failure  must  be  designed  into  the 
system  (Perry,  1973).  Depending  on  the  type  and  amount  ot  solids,  the  particulate  in 
the  liquid  may  interfere  with  the  inlet  and  outlet  check  valves  that  are  required  for  oper¬ 
ation  of  the  pump.  The  result  would  be  either  no  flow  or  reduced  flow  through  the 
pump. 

Although  this  pump  is  recommended  for  use  with  high  solids,  it  is  very  ineffi¬ 
cient  and  noisy.  Also,  it  is  inappropriate  for  the  pressure  and  flow  rates  required  for 
this  application.  Therefore,  a  diaphragm  pump  was  rejected  for  this  use. 

3.3  DESIGN  AND  INSTALLATION  OF  THE  FILTRATION  SYSTEM 

Based  on  the  selected  filtration  and  pump  technologies,  a  pressure  filtration 
system  was  designed.  The  system  was  designed  to  be  assembled  on  its  shipping 
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Figure  12.  Illustration  of  a  Diaphragm  Pump. 


Courtesy  of  Warren  Rupp-Houdaille,  Inc., 
Mansfield,  Ohio 
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and  installation  platform  (a  skid)  and  located  close  to  the  alkaline  paint  stripper  tank 
(see  Figure  1).  Figure  13  presents  a  process  sketch  of  the  alkaline  filtration  system, 
and  Table  3  provides  a  summary  of  the  filtration  system  components.  The  maximum 
design  pressure  of  the  system  is  150  psig.  The  alkaline  paint  stripping  solution  is 
pumped  from  one  end  of  the  tank,  through  the  filtration  system,  and  then  returned  to 
the  opposite  end  of  the  tank.  The  return  pipe  extends  to  within  3  inches  of  the  bottom 
of  the  tank.  At  this  point,  there  is  a  90-degree  elbow  at  the  end  of  the  pipe  which  dis¬ 
charges  parallel  to  the  tank  bottom.  Photographs  of  the  alkaline  paint  stripper  bath 
and  particulate  filtration  system  are  presented  in  Appendix  A. 

A  progressing  cavity  pump  (Roper  Model  7331 2NNC)  was  selected  to  transport 
the  sludge/alkaline  paint  stripping  solution  through  the  filtration  system  (see  Ap¬ 
pendix  B).  This  pump  was  designed  to  transport  50  gallons  per  minute  at  a  maximum 
total  system  pressure  drop  of  125  psi.  The  pumping  rate  was  selected  to  clean  the 
tank  effectively  of  suspended  particulate  in  approximately  one  shift  (8  hours).  This  de¬ 
sign  criterion  v;as  based  on  the  general  guidance  from  filter  system  manufacturers  that 
a  given  volume  of  liquid  pumped  through  a  filter  6  to  8  times  would  be  essentially 
clean.  The  pump  controls  were  designed  to  shut  down  in  case  of  high  pressure  (due 
to  plugging  of  the  filtration  system  downstream  of  the  pump)  or  low  pressure  (empty 
tank  or  plugging  upstream  of  the  pump).  The  high-pressure  cutoV’  svi'itch  shuts  the 
pump  off  at  100  psig.  A  high-pressure  bypass  valve  was  included  to  provide  a  backup 
to  prevent  overpressurization  of  ihe  particulate  filtration  system.  This  valve  opens  at 
130  psig. 

The  filtration  process  consists  of  three  filtration  units  in  series  (Strain  Rite  Mod¬ 
el  UF1-180)  (see  Appendix  B).  All  of  the  filter  housings  are  fitted  with  bag  filters.  Bags 
of  various  mesh  sizes  were  purchased  for  application  in  the  particulate  filtration 
system.  Bag  sizes  at  LEAD  include  400,  200,  100,  50,  25,  5,  and  1  ^m.  These  bags 
can  be  used  in  various  combinations  to  change  the  overall  degree  of  filtration  as  con¬ 
ditions  in  the  bath  change. 

A  mixing  eductor  (Ketema  Model  268)  was  installed  on  the  particulate  filtration 
system  return  line  to  provide  agitation  of  the  alkaline  paint-stripping  solution.  An 
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Figure  1 3.  Process  Sketch  for  the  Alkaline  Paint  Stripping  Solution 
Particulate  Filtration  System  with  the  High  Pressure  Bypass. 
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TABLE  3.  SUMMARY  OF  PARTICULATE  FILTRATION  SYSTEM  COMPONENTS 


Equipment 

No.  Description 


Purpose 


CP-1 

E-101 

F-101 

F-102 

F-103 

P-101 

PI-01 

Pl-02 

PI-03 

PSHL 

PSV 

VI 
V2 
V3 
V4 
V5 
V6 
V8 
V9 

VII 
V12 
V13 
V14 
V15 
V16 
V17 
Via 


Control  panel 
Eductor 

Filter  Housing  No.  1 
Rlter  Housing  No.  2 
Filter  Housing  No.  3 
Progressing  cavity  pump 

Pressure  gauge  before  F-101 
Pressure  gauge  before  F-102 
Pressure  gauge  before  F-103 
High/low  pressure  switch 
Pressure  relief  valve 
2-in.  ball  shutoff  valve 
2-in.  ball  shutoff  valve 
2-in.  ball  shutoff  valve 
2-in.  ball  shutoff  valve 
2-in.  ball  shutoff  valve 
3/4-in.  ball  shutoff  valve 
3/4-in.  ball  bypass  valve 
3/4Hn.  ball  bypass  valve 
3/4Hn.  ball  sample  valve 
3/4-in.  ball  sample  valve 
3/4-in.  ball  sample  valve 
1  /2-In.  ball  vent  valve 
1  /2-in.  ball  vent  valve 
1/2-in.  ball  vent  valve 
3/4-in.  needle  shutoff  valve 
3/4-in.  ball  shutoff  valve 
3/4-in.  gate  shutoff  valve 


Provides  housing  for  the  electrical  components,  including  hi/low  pressure 
warning  lights,  cutoff  switch,  and  cutoff  relays. 

Increases  agitation  by  converting  potential  energy  (pressure)  to  kinetic 
energy  (velocity). 

Performs  first  level  of  filtration. 

Performs  second  level  of  filtration. 

Performs  third  level  of  filtration. 

Prime  mover  of  the  alkaline  paint  stripper  solution.  Provides  pressure  to 
overcome  pressure  resistance  of  filters  and  venturi  jet  on  the  return  line. 

Measures  pressure  before  F-101. 

Measures  pressure  before  F-102. 

Measures  pressure  before  F-103. 

Turns  off  motor  in  case  of  low  or  high  pressure. 

Prevents  overpressure  conditions  in  the  particulate  filtration  system. 

Isolates  the  particulate  filtration  system  from  the  bath  suction  line. 

Isolates  F-101  and  throttles  flow  into  the  paniculate  filtration  system. 

Isolates  F-102  and  throttles  flow  through  F-102  and  F-103. 

Isolates  F-103  and  throttles  flov/  into  F-103. 

Isolates  the  particulate  filtration  system  from  the  bath  return  line. 

Fresh  water  particulate  filtration  system  flush  line. 

Bypasses  solution  around  F-102  and  F-103  for  draining  housing. 

Bypasses  solution  around  F-103  for  draining  housing. 

Allows  collection  of  samples  after  F-101. 

Allows  collection  of  samples  after  F-102. 

Allows  collection  of  samples  after  F-103. 

Used  to  connect  air  tine  to  clear  F-101  of  liquid  to  change  filter  bags. 
Used  to  connect  air  line  to  clear  F-102  of  liquid  to  change  filter  bags. 
Used  to  connect  air  line  tc  clear  F-103  of  liquid  to  change  filter  bags. 
Controls  fresh  water  flush  rate  into  the  pump  packing. 

Coniruls  fresh  water  supplied  to  the  particulate  filtration  system 
LEAD  valve  to  control  fresh  w.'>tcr  to  the  particulate  filtration  system 
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eductor  consists  of  a  fixed  orifice  and  a  venturi.  The  potential  energy  (pressure)  of  the 
return  liquid  stream  is  converted  to  kinetic  energy  (velocity)  across  the  fixed  orifice. 

The  result  is  a  high-velocity  liquid  stream,  and  the  overall  effect  is  that  the  volume  of 
the  stream  leaving  the  diverging  cone  of  the  nozzle  is  four  times  that  of  the  liquid 
being  pumped.  The  eductor  increases  the  filtration  system  pressure  drop  by  20  to  25 
psig.  This  arrangement  provides  significant  agitation  in  the  alkaline  paint-stripper  tank, 
which  helps  move  the  paint  sludge  toward  the  filtration  system  suction  pipe  (see 
Figure  1). 

Additional  equipment  on  the  particulate  filtration  system  includes  a  control 
panel,  pressure  gauges,  sample  valves,  drain  valves,  and  shutoff  valves  (see  Figure 
13).  The  filtration  system  safety  features  include  a  high-pressure  relief  valve  and  the 
automatic  pressure  shutoffs  discussed  earlier. 

Based  on  the  selection  of  the  major  system  components,  a  preliminary  design 
of  the  particulate  filtration  system  was  completed.  Based  on  this  design,  vendors  were 
contacted  to  procure,  build,  and  deliver  the  proposed  system.  The  specifications  of 
this  system  are  presented  in  Request  for  Quotation  and  Specifications  for  an  Alkaline 
StrioDina  Solution  Filtration  System  (ESE,  1990c).  A  summary  of  the  vendor 
specifications  is  presented  in  Appendix  B  (ESE,  1990d).  Of  the  qualified  responding 
vendors,  APT,  Inc.  (Annapolis  Junction,  Maryland)  was  selected  to  build,  test,  and 
deliver  the  system  to  LEAD.  PELEC,  Inc.  (Chambersburg,  Pennsylvania)  war  selected 
to  install  the  system. 
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SECTION  4 


FIELD  TESTING  PROGRAM 


TTie  particulate  filtration  system  represents  the  first  use  of  pressure  bag  filtration 
on  the  alkaline  paint  stripper  bath  in  Building  350.  To  evaluate  the  effectiveness  of  the 
particulate  filtration  system,  a  field  testing  program  was  initiated.  The  details  of  the 
testing  methodologies  are  presented  in  the  Test  Plan  (ESE,  1990f). 

This  testing  was  performed  to  verify  that  the  particulates  in  the  alkaline  paint 
stripper  bath  were  removed  by  the  filtration  system  and  to  determine  if  particulate 
removal  reduced  the  amount  of  hazardous  v/aste  generated  by  the  alkaline  paint¬ 
stripping  operation.  Data  gathered  from  this  study  vme  used  to  make  recommenda¬ 
tions  on  methods  to  improve  filtration,  to  propose  improvements  in  system  design, 
operation,  and  performance,  and  to  identify  other  v/ays  to  minimize  the  generation  of 
hazardous  waste. 

In  addition  to  the  field  testing  of  the  pressure  bag  filtration  system,  a  sample  of 
the  alkaline  paint  stripper  bath  v/as  collected  for  centrifugation.  The  test  results  v/ere 
then  reviewed  to  evaluate  the  potential  for  removing  the  particulate  generated  in  the 
bath  by  centrifugation. 

4.1  DATA  COLLECTION 

Several  aspects  of  the  alkaline  paint  stripper  bath  and  particulate  filtration 
system  were  recorded  during  the  field  testing  program,  including  operations  monitor¬ 
ing  results,  in-house  test  results,  and  results  of  analysis  of  alkaline  paint  stripper  bath 
samples. 

Operations  monitoring  consisted  of  recording  the  following  information. 

•  Parts  placed  into  the  alkaline  paint  stripper  bath  (as  required) 

•  Chemicals  added  to  the  alkaline  paint  stripper  bath  (weekly) 

•  Alkaline  paint  stripper  bath  temperature  (daily) 

•  Standard  testing  performed  by  the  in-house  laboratory  (v/eekly) 

•  Replacement  frequency  of  bag  filters  (v/eekly  or  as  required) 

•  Qualitative  description  of  used  filter  bags  during  replacement 


•  Reading  of  all  filter  pressure  gauges  (each  shift). 

The  standard  tests  performed  by  the  in-house  laboratory  include: 

•  Specific  gravity 

•  Titration  for  alkalinity 

•  Titration  for  sodium  gluconate. 

The  filtration  system  v\/as  to  begin  continuous  operation  on  a  fresh  alkaline 
paint-stripping  solution.  After  approximately  1  week  of  operation,  sampling  would  be 
started  to  evaluate  the  effect  of  the  particulate  filtration  system. 

The  filtration  system  actually  began  operating  63  days  after  a  fresh  alkaline 
paint-stripping  solution  had  been  prepared.  By  this  time,  the  alkaline  paint-stripping 
solution  had  turned  brown  and  a  thick  sludge  layer  had  collected  on  the  bottom  of  the 
bath.  The  layer  was  barely  detectable  in  the  end  of  the  tank  where  the  filtration 
system  return  line  is  located  and  a  few  inches  thick  on  the  opposite  end  (near  the 
particulate  filtration  suction  line).  Only  one  round  of  samples  was  collected  when  the 
filtration  system  was  ready  to  begin  operation.  This  included  sampling  the  bath  before 
operation  of  the  particulate  filtration  system  was  begun  to  establish  the  baseline  level 
of  particulate  in  the  bath.  This  would  not  have  been  necessary  if  the  particulate 
filtration  system  had  been  operational  and  the  Test  Plan  had  been  initiated  with  a  fresh 
alkaline  paint-stripping  solution. 

Three  types  of  samples  were  collected  from  the  alkaline  paint  stripper  bath; 

•  Representative  fraction 

•  Liquid  fraction 

•  Sludge  fraction. 

These  sampling  locations  are  presented  in  Figure  13. 

The  representative  fraction  samples  were  collected  by  using  a  coliwasa 
sampling  column.  The  coliwasa  was  opened  before  being  lowered  into  the  bath  to 
just  above  the  bottom  of  the  tank.  The  coliwasa  was  then  sealed  and  withdrawn.  The 
sample  was  transferred  to  a  glass  container. 
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A  bailer  was  used  to  collect  the  liquid  fraction  aiiquot.  The  bailer  was  lowered 
into  the  tank  until  the  top  was  just  above  the  surface  of  the  liquid.  The  bailer  was  then 
withdrawn,  and  the  sample  was  poured  into  a  large  glass  container. 

For  collection  of  the  sludge  fraction  aliquot,  a  sealed  coliwasa  was  lowered  into 
the  solution  to  just  above  the  bottom  of  the  tank.  The  coliwasa  was  then  unsealed, 
allowed  to  fill,  sealed,  and  withdrawn.  The  sample  was  transferred  to  a  large 
container. 

4.2  ANALYSES  OF  SAMPLES 

4.2.1  Analytical  Parameters 

The  alkaline  paint  stripper  bath  was  sampled  and  analyzed  for  the  following 
characteristics: 

•  Solids  content 

•  Settling  time 

•  Specific  gravity 

•  Alkalinity 

•  Particle  size  distribution. 

All  analytical  methods  were  conducted  according  to  the  procedures  contained 
in  standard  reference  sources  (ASTM,  1989,  Standard  Methods  for  Examination  of 
Water  and  Wastewater,  1990;  Bernholm,  1990).  Specifics  of  the  methodologies  are 
discussed  in  the  Test  Plan  (ESE,  1990f).  The  type  and  number  of  samples  collected 
per  sample  round  are  summarized  in  Table  4.  These  analyses  are  similar  to  the 
analyses  conducted  during  the  preliminary  testing  of  the  alkaline  paint  stripper  bath 
described  in  the  Draft  Assessment  Plan  (ESE,  1990a). 

4.2.2  Sampling  Schedule 

The  Test  Plan  proposed  that  sampling  be  conducted  one  week  after  operation 
of  the  filtration  system  and  a  fresh  alkaline  paint-stripping  solution  were  begun,  and 
then  every  other  week  for  three  sampling  rounds.  This  schedule  was  later  modified 
because  of  mechanical  problems  that  occurred  during  the  installation  and  initial  startup 
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TABLE  4.  ANALYSES  CONDUCTED  ON  THE  ALKALINE 
PAINT-STRIPPING  SOLUTION  SAMPLES 


Parameter 

No.  of  samples 
per  episode 

Sample  aliquot 

Method 

Total  residue 

2 

Representative 

Liquid/Solid 

EPA  160.3® 

Total  filterable  residue 

2 

Representative 

Liquid/Solid 

EPA  160.1® 

Total  nonfilterable 
residue 

2 

Representative 

Liquid/Solid 

EPA  160.2® 

Specific  gravity 

1 

Liquid  Fraction 

ASTM  E86^82, 
Section  9.9^ 

Bulk  density 

1 

Concentrated  Solid 
Fraction 

ASTM  E868-82 
Section  9.9° 

Alkalinity  titration 
(pH  8.3  and  4.5) 

1 

l.iquid  Fraction 

EPA  310.1® 

Particle  size  and 
distribution 

2 

Concentrated  Solid 
Fraction 

Coulter  Counter^ 

®  Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  1985. 
•^ASTM,  1989. 

^  Coultor  Electronics  Application  Laboratory  Standard  Methods,  undated. 
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of  the  filtration  system.  Because  of  these  mechanical  problems,  the  test  program  was 
delayed  and  eventually  implemented  on  a  stripping  solution  that  had  been  used  to 
process  parts  for  63  days.  These  developments  resulted  in  a  revised  sampling 
frequency  being  proposed.  The  revised  sampling  schedule  included: 

•  An  initial  sampling  round  to  establish  baseline  conditions  uf  the  alkaline 
paint-stripping  solution 

•  Three  sampling  rounds  at  2-week  intervals. 

The  initial  sampling  round  was  collected  before  operation  of  the  particulate 
filtration  system  was  begun.  Three  additional  sample  rounds  were  to  be  collected  to 
evaluate  the  effect  of  the  filtration  system  on  the  alkaline  paint-stripping  operation. 
Because  sufficient  operation  time  was  not  achieved  during  the  test  phase,  these 
additional  samples  were  not  collected. 

4.2.3  Quality  Control/Assurance 

Most  of  the  analyses  conducted  under  the  Test  Plan  are  simple  and  do  not 
require  extensive  quality  control.  Sampling  quality  control  was  established  through 
careful  collection  of  the  samples  from  the  alkaline  paint  stripper  bath  and  the 
particulate  filtration  system  and  a  chain-of-custody  system. 

Laboratory  quality  control  was  established  through  purchase  of  standardized 
solutions  and  calibration  of  particle-size-determination  equipment  involving  spheres  of 
known  diameters.  Quantitative  limits  of  the  laboratory  results  are  presented  in 
Appendix  C. 

4.3  SAMPLING  HEALTH  AND  SAFETY  PROCEDURES 

Health  and  safety  procedures  for  LEAD  personnel  who  monitored  the  alkaline 
paint-stripping  operation  are  presented  in  the  depot’s  Health  and  Safety  Plan  (LEAD, 
1986).  Health  and  safety  procedures  for  ESE  and  its  contractors  are  presented  in  the 
"Accident  Prevention  Safety  Program  Plan  for  Evaluating  the  Alkaline  Paint  Stripper  and 
Particulate  Filtration  System  at  Letterkenny  Army  Depot"  (ESE,  1990e).  Copies  of  the 
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Health  and  Safety  Plans  were  provided  to  USATHAMA,  LEAD,  and  the  system  instal¬ 
lation  vendor  for  review  and  ready  reference. 
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SECTION  5 


IMPLEMENTATION  OF  THE  TEST  PLAN 

Initially,  the  field  testing  program  was  to  be  implemented  immediately  after 
installation  of  the  pressure  filtration  system.  During  the  startup  of  the  filtration  system, 
however,  several  mechanical  problems  developed.  As  a  result,  insufficient  quantitative 
data  were  obtained  during  the  test  phase  from  which  to  draw  conclusions  concerning 
the  precise  effectiveness  of  the  particulate  filtration  system.  Characterization  of  the 
alkaline  paint-stripping  solution  was  limited  to  a  single  round  of  laboratory  samples 
obtained  from  the  alkaline  paint  stripper  bath  before  operation  of  the  filtration  system. 
These  results  were  to  provide  a  baseline  for  comparison  with  additional  samples  after 
the  filtration  system  was  in  operation.  Because  of  insufficient  filtration  system 
operation  time,  additional  samples  were  not  justified. 

Also  because  of  the  insufficient  operation  time  of  the  filtration  system,  in-house 
laboratory  data  were  not  collected.  Some  operational  monitoring  data  were  collected, 
however,  the  amount  was  too  limited  to  be  useful. 

Data  were  collected  on  the  mass  of  materials  removed  from  the  bath  with 
different  filter  bag  configurations  and  operating  scenarios.  The  experience  gained  by 
ESE  and  LEAD  personnel  during  the  startup,  shakedown,  and  operational  phases  was 
used  to  confirm  and  modify,  where  necessary,  operational  methods  ar  d  materials  of 
construction. 

Results  of  centrifuging  a  sample  of  the  alkaline  paint-stripping  solution  are 
presented  herein.  These  data  were  used  for  further  evaluation  of  the  effectiveness  of 
the  centrifugation  system.  Additional  information  pertaining  to  the  bath  chemistry  is 
presented  in  this  chapter.  This  information,  together  with  the  discussion  on  bath 
chemistry  presented  in  the  Waste  Characterization  Report  (ESE,  1990b),  was  used  to 
predict  the  effects  of  the  particulate  filtration  system  on  the  alkaline  paint-stripping 
solution. 


Installation  and  operation  of  the  filtration  system  occurred  in  essentially  five 
phases,  as  described  in  Table  5.  Each  phase  is  characterized  by  a  set  of  activities, 
time  period,  and  specific  events  beginning  and  ending  each  phase.  Because  of  the 
mechanical  problems  encountered  in  the  first  four  phases,  few  quantitative  data  on  the 
system  characteristics  were  obtained  by  the  end  of  the  project  schedule.  Table  6 
summarizes  (by  phase)  the  mechanical  problems  encountered  and  the  actions  that 
were  taken  to  rectify  these  problems.  The  remainder  of  this  section  presents  a  brief 
history  of  the  project,  the  problems  encountered,  and  the  solutions  to  these  problems. 


TABLE  5.  DEFINITION  OF  PROJECT  PHASES 


Phase  No. 

Phase  name 

Date 

Event  beginning 
phase 

Event  ending 
phase 

1 

Installation 

Nov.  5-28,  1990 

Skid  delivery 

Return  and 
installation  of 
repaired  pump 

2 

Startup 

Nov.  30-Dec.  7, 
1990 

Completion  of 
installation 

Problems  with 
filter  bag  material 
and  0  rings 

3 

Operational 

shakedown 

Jan.  7-11,  1991 

Replacement  of 
filter  bags  and  0 
rings 

Operation  of 
system  turned 
over  to  LEAD 

4 

LEAD  initial 
operational  phase 

Jan.  14-23,  1991 

Operation  of 
system  turned 
over  to  LEAD 

Shut  down  to 
determine  cause 
of  gasket  and 
equipment  failure 

5 

LEAD  continuing 
operational  phase 

March  20, 1991  - 
Ongoing 

Replacement  of 
pressure  gauges, 
valves,  and 
gaskets;  instal¬ 
lation  of  eductor 
and  high-pressure 
relief  valve; 
mixing  of  fresh 
solution 

Ongoing 
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TABLE  6.  PROBLEMS  ENCOUNTERED  DURING  IMPLEMENTATION  OF  TEST 
PLAN  FOR  FILTRATION  OF  ALKALINE  PAINT-STRIPPING  SOLUTION 


Phase 

Equipment/ 
system  item 

Problem  encountered 

Solution 

1 

Tank  lining 

Asbestos  used  as  insulation. 

Removed  by  LEAD  personnel 
before  installation. 

1 

Pump 

Faulty  weld. 

Repaired  by  manufacturer. 

2 

Filter  bags 

Polyester  bag  material  specified  by 
manufacturer’s  literature  disinte¬ 
grated. 

Replaced  by  nylon  filter  bags. 

2 

Filter  bags 

Replacement  nylon  bags  had  been 
sewn  using  polyester  thread,  which 
disintegrated. 

Bags  were  stapled  temporarily, 
then  replaced  by  nylon  bags  sewn 
with  nylon  thread. 

2 

0  rings  on 
filter  basket 

Failed  at  seam. 

Replaced  by  molded  (no  seam)  0 
rings  in  Phase  3;  upgraded  to 

Teflon  in  Phase  5. 

2 

Pump 

Motor  and  gear  reducer  couplings 
went  out  of  alignment. 

Skid  was  leveled  and  pump  was 
realigned. 

3 

Sludge  layer 

Significant  sludge  layer  had 
accumulated  on  the  tank  bottom 
after  63  days  of  use. 

Manual  raking  procedure  was 
developed. 

3 

Rack  on  tank 
bottom 

Interfered  wKh  raking  process. 

Removed  temporarily. 

3 

Filter  basket 

Failed  at  seam  because  of  over¬ 
pressurization. 

Replaced;  high-pressure  relief  valve 
installed. 

3-4 

Pressure 

gauges 

Failure  due  to  overpressurization. 

Replaced,  high-pressure  relief  valve 
installed. 

3-4 

Valves 

Failure  of  two  valve  seals  due  to 
overpressurization. 

Valve  seals  were  replaced;  high- 
pressure  relief  valve  was  installed. 

3-4 

High-pressure 
cutoff  controls 

10-second  delay  allowed  sufficient 
pressure  to  damage  parts. 

High-pressure  relief  valve  and 
backup  system  installed  in  Phase 

5. 

3-4 

Tank  agitation 

Tank  agitation  and  return  velocity 
of  filtered  solution  were  insufficient 
to  transport  sludge  to  suction  i.ilet. 

Installed  eductor. 

4 

Filter  housing 
bolt 

Corrosion  occurred  because  bolt 
was  cadmium-plated  carbon  steel 
rather  than  the  specified  stainless 
steel. 

Replaced  by  LEAD. 

4 

Flange  gasket 

Leak  from  chemical  attack  although 

Upgraded  to  Teflon  and  replaced. 

neoprene  material  was  specified  by 
manufacturer. 


(continued) 
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TABLE  6  (continued) 


Phase 

Equipment/ 
system  item 

Problem  encountered 

Solution 

5 

Solution  mixing 

During  mixing  of  a  new  solution, 
powder  dissolved  very  slowly. 

Filtration  unit  was  used  to  provide 
additional  turbulence. 

5 

Pump 

Coupling  was  slipping 

Replaced  coupling 

5 

Pressure 

gauges 

Malfunction;  pressure  reading  too 
low 

LEAD  plans  to  replace  with  flange- 
mounted  gauges  to  prevent  solids 
buildup 

5.1  PARTICULATE  FILTRATION  SYSTEM  INSTALLATION 

Installation  of  the  particulate  filtration  system  began  with  the  delivery  of  the  skid- 
mounted  system  to  LEAD.  Completion  of  the  skid  installation  was  delayed,  however, 
by  several  complications.  One  day  prior  to  shipping  the  completed  system,  the  manu¬ 
facturer  discovered  a  faulty  weld  in  the  progressing  cavity  pump  housing.  Neverthe¬ 
less,  because  the  installation  contractor  had  made  all  the  necessary  arrangements  to 
start  work,  the  unit  was  shipped  to  LEAD  so  that  part  of  the  installation  could  be 
completed. 

The  particulate  filtration  skid  arrived  at  LEAD  on  November  5,  1990.  The 
alkaline  paint  stripper  tank  had  been  emptied  and  cleaned  in  preparation  for  instal¬ 
lation  of  the  filter  skid.  As  shown  in  Figure  13,  the  filtration  system  was  placed  next  to 
Tank  2514,  the  alkaline  paint  stripper  bath.  The  location  of  the  filtration  skid  in  relation 
to  the  alkaline  paint  stripper  tank  is  shown  in  Figure  1.  A  small  amount  of  asbestos 
insulation  had  to  be  removed  from  the  tank  by  LEAD  personnel  to  install  the  suction 
pipe  through  the  tank  wall.  T.he  piping  and  electrical  installation  was  completed  on 
November  7,  1990.  When  the  piping  between  the  filtration  system  and  the  alkaline 
paint  stripper  bath  and  electrical  work  between  the  filtration  skid  and  the  LEAD 
electrical  supply  were  completed,  the  progressing  cavity  pump  was  removed  and 
shipped  out  for  repair. 

The  repaired  pump  was  returned  to  LEAD  on  November  28,  1990.  The  instal¬ 
lation  contractor  completed  the  skid  installation  by  connecting  the  system  and  the 
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pump  packing  flush-water  line.  The  assembled  filtration  system  was  leak-tested  and 
briefly  run  on  clean  water,  and  monitoring  logs  from  the  Test  Plan  were  supplied  to 
LEAD  personnel  (see  Section  4.1.2  of  the  Test  Plan)  (ESE,  1990a). 

5.2  STARTUP  OF  THE  PARTICULATE  FILTRATION  SYSTEM 

On  November  30,  1990,  the  filtration  system  began  operation  on  the  alkaline 
paint-stripping  solution.  The  filtration  system  was  first  operated  in  the  following  filter 
bag  configuration;  a  50-/im  bag  in  filter  housing  F-101,  a  S-^m  bag  in  filter  housing  F- 
102,  and  a  1-/im  bag  in  filter  housing  F-103.  When  the  system  was  operated  in  this 
configuration,  the  5-Atm  bag  blinded  within  5  minutes,  and  the  SO-pm  bag  contained 
some  material,  including  large  paint  pieces  and  sand. 

A  second  filter  bag  configuration  was  attempted  as  follows;  a  200-Mm  bag  in 
filter  housing  F-101,  a  100-/im  bag  in  filter  housing  F-102,  and  a  SO-^m  bag  in  filter 
housing  F-103.  The  polyester  bag  material  disintegrated  before  the  bags  were  blinded 
(after  approximately  20  minutes).  The  system  was  then  shut  down  for  repair  before 
any  further  data  could  be  gathered. 

Based  on  further  discussions  with  filter  bag  manufacturers,  nylon  bags  were 
determined  to  be  suitable  for  this  service.  The  appropriate  size  nylon  bags  were 
ordered  to  continue  the  test  program.  When  the  nylon  filter  bags  arrived  and  were 
installed,  the  filtration  system  was  returned  to  service.  The  replacement  nylon  filter 
bags  were  not  affected  by  the  alkaline  paint-stripping  solution.  Unfortunately,  an  error 
by  the  manufacturer  resulted  in  the  use  of  polyester  thread  to  sew  the  filter  bags.  As 
a  result,  the  bags  opened  up  along  the  seams  after  a  few  minutes  of  service.  These 
fitter  bags  were  temporarily  repaired  by  stapling  the  seam  together  and  were  replaced 
in  a  later  phase  with  nylon  bags  sewed  with  nylon  thread. 

Also  during  this  test  phase,  the  motor  and  gear  reducer  couplings  on  the  pump 
went  out  of  alignment  because  of  either  loose  pump  and  drive  mounting  bolts  or 
improper  shaft  alignment.  The  system  was  repaired  by  leveling  the  filtration  skid  and 
realigning  the  pump  shaft  and  gear  reducer  couplings.  The  pipe  between  the  pump 


(P-101)  and  filter  housing  F-101  was  inspected  for  metallic  objects  (i.e.,  small  fuel  lines, 
nuts,  or  bolts  that  are  sometimes  found  in  the  bath).  Nothing  was  found  during  the 
inspection  of  the  process  pipe  section. 

An  additional  problem  resulted  from  all  the  neoprene  0  rings  on  the  filter  basket 
and  In  the  filter  housing  groove  failing  at  the  welded  or  glued  seam.  The  O  rings  were 
replaced  with  molded  (no  seam)  neoprene  O  rings  in  Phase  3  and  then  upgraded  to 
Teflon  in  Phase  5. 

The  filtrat'on  system  was  shut  down  at  the  end  of  the  startup  phase  to  await  the 
arrival  of  the  replacement  filter  bags  and  O  rings. 

5.3  OPERATIONAL  SHAKEDOWN  OF  THE  PARTICULATE  FILTRATION 

SYSTEM 

After  receipt  of  the  replacement  filter  bags  and  0  rings,  the  filtration  system  was 
returned  to  service  on  January  7,  1991,  to  begin  Phase  3  of  the  project,  operational 
shakedown.  During  a  week  of  operation,  the  system  was  frequently  operated  24 
hours  a  day.  Because  of  the  mechanical  problems  that  occurred  during  the  first  tv^o 
phases,  the  stripping  solution  had  been  used  for  63  days  to  strip  paint  from  parts 
without  removal  of  the  paint  from  the  bath.  During  this  period,  a  sludge  layer  had 
formed  at  the  bottom  of  the  alkaline  paint  stripper  tank.  Operation  of  the  filtration 
system  alone  had  little  effect  on  this  bottom  sludge  layer  (i.e.,  moving  it  along  the  tank 
bottom);  therefore,  methods  for  filtering  this  sludge  were  also  developed.  The 
following  subsections  summarize  the  experience  gained  during  the  filtering  of  the 
alkaline  paint-stripping  solution  and  the  sludge  layer. 

5.3.1  Filtration  of  the  Alkaline  Paint-Stripping  Solution 

Initially,  a  SO-^im  filter  bag  was  used  to  filter  the  alkaline  paint-stripping  solution. 
After  a  total  of  48  hours  of  operation,  no  increase  in  pressure  drop  had  occurred  in 
the  filtration  system.  Examination  of  the  50-Mm  filter  bag  indicated  some  minor 
accumulation  of  filter  cake.  During  additional  operating  time,  the  following  filter  bags 
were  used  to  filter  the  alkaline  paint-stripping  solution,  a  400-/xm  bag  in  filter  housing 
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F*101,  a  100-Mm  bag  in  F-102,  and  a  50-nm  bag  in  F-103.  During  the  operation  of  the 
filter  system  v/hile  equipped  with  these  filter  bags,  no  significant  increase  was  noted  m 
the  system  pressure  drop.  Examination  of  the  filters  indicated  some  minor 
accumulation  of  solids  in  each  of  the  three  filter  bags.  This  accumulation  was 
indicated  by  bag  discoloration  and  loose  solid  materials. 

5.3.2  RItration  of  the  Sludge  Layer 

During  the  test  phase,  agitation  of  the  alkaline  paint-stripping  solution  from  the 
filtration  system  return  line  was  not  sufficient  to  transport  the  large  volume  of  heavy 
sludge  along  the  entire  tank  bottom  because  of  the  high  density  of  the  sludge  material. 
Very  little  bottom  sludge  v;as  noticed  on  the  side  of  the  tank  where  the  return  line  was 
placed,  however.  Therefore,  greater  turbulence  from  the  return  line  would  be  required 
to  produce  adequate  particle  suspension. 

A  simple  procedure  was  devised  to  move  the  sludge  layer  manually  to  be  closer 
to  the  filtration  system  suction  line.  This  was  done  with  a  rake  provided  by  LEAD  tank 
operators.  Basket  support  grates  located  on  the  bottom  of  the  bath  complicated  the 
raking  of  the  sludge.  This  problem  was  solved  by  temporarily  removing  the  grates 
from  the  bath.  Raking  was  started  at  the  end  of  the  tank  where  the  particulate  filtration 
system  return  line  is  located.  The  sludge  was  moved  closer  to  the  particulate  filtration 
system  suction  line  by  pulling  the  sludge  material  with  the  rake.  The  sludge  was  raked 
to  the  end  of  the  tank  where  the  particulate  filtration  system  suction  line  is  located  and 
then  directly  into  the  suction  line. 

Raking  the  sludge  layer  toward  the  particulate  filtration  suction  line  proved  to  be 
very  effective.  Tests  were  conducted  to  determine  the  performance  of  various  filter 
bag  combinations  while  receiving  the  sludge  solids  raked  into  the  filtration  system. 

Initial  tests  were  performed  with  a  single  50-/im  (mesh)  filter  bag  (while  the  other  filter 
housings  were  left  empty).  The  50-nm  bags  were  blinded  almost  immediately  after  the 
raking  started  and  did  not  collect  a  significant  cake.  Because  these  bags  were  not 
reusable,  they  had  to  be  disposed  of.  Based  on  separate  tests  with  SO-^m  (mesh), 
lOO-fim  (mesh)  and  400-/im  (monofilament)  bags,  the  performance  of  the  400-Mm  bags 
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was  superior  because  these  monofilament  bags  ccjid  be  emptied  and  reused 
numerous  times.  Additional  permutations  of  filter  bags  were  attempted,  as  shown  in 
the  following: 

•  F-101  =  4CX3  Mm,  F-102  =  50  Mm,  F-103  =  empty 

•  F-101  =  400  Mm,  F-102  =  100  Mm,  F-103  =  50  Mm 

•  F-101  =  400  Mm,  F-102  =  400  Mm,  F-103  =  empty 

When  used  for  removal  of  sludge,  multiple  bags  in  series  did  not  significantly 
improve  sludge  collection  capacity.  During  this  testing  period,  200-Mm  bags  were  not 
available. 

The  overall  process  for  collecting  the  sludge  layer  in  the  alkaline  paint  stripper 
bath  included  the  following  steps: 

•  Installing  a  400-Mm  filter  bag  into  filter  housing  F-101  (see  Test  Plan. 
Appendix  A). 

•  Starting  the  particulate  filtration  system  and  observing  the  pressure  gauge 
on  filter  housing  F-101  (PI-01)  for  2  minutes, 

•  Raking  the  bottom  of  the  alkaline  paint  stripper  bath  so  as  to  move  the 
sludge  layer  directiv  into  the  suction  line  of  the  particulate  filtration  sysiem. 

The  most  efficient  procedure  involved  using  three  400-Mm  filter  bags.  One  bag 
was  placed  in  a  filter  housing  (the  other  filter  housings  remained  empty).  After  this 
bag  became  blinded,  it  was  removed  and  set  aside  to  allow  the  liquid  to  drain  from  the 
filter  cake.  The  contents  of  the  filter  bag  consisted  of  small  paint  pieces,  sand,  and  a 
thick  sludge  material.  A  layer  of  sludge  up  to  10  inches  deep  formed  at  the  bottom  of 
the  filter  bag,  and  a  filter  cake  of  between  1  /4  and  1  /2  in.  formed  on  the  side  of  the 
filter  bag.  The  monofilament  filter  bag  cleanout  proved  to  be  quite  easy. 

A  second  400-Mm  bag  was  placed  in  the  filter  housing,  and  the  filtration 
operation  was  restarted.  After  the  second  400-Mm  bag  became  blinded,  it  was 
removed  and  set  aside  to  drain  and  the  third  filter  bag  was  placed  in  the  filter  housing. 
After  the  filtration  system  was  restarted,  the  first  filter  bag  was  emptied  of  solids  and 
prepared  for  reuse  in  the  filtration  system  when  the  third  filter  bag  became  blinded. 
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Each  time  the  filter  bag  was  emptied,  aoproximately  5  to  15  pounds  of  sludge 
was  removed  from  the  paint-stripping  bath.  It  is  clear  that  only  a  few  bags  would  be 
required  to  remove  and  dispose  of  a  significant  amount  of  sludge  from  the  bath. 

During  this  test  phase,  between  250  and  300  pounds  of  sludge  was  removed 
from  the  tank  by  raking,  which  is  equivalent  to  half  of  a  55-gallon  drum.  This  amount 
of  material  was  removed  within  12  hours.  A  relative  measure  of  the  significance  of  col¬ 
lecting  this  quantity  of  material  is  evident  by  noting  that  cleanout  of  the  bath  after 
6  months  of  operation  produces  approximately  3  drums  of  sludge. 

5.3.3  Development  of  Operating  Modes 

Based  on  the  preceding  information,  two  operation  modes  were  developed.  In 
the  first  mode,  the  system  was  used  to  filter  the  alkaline  paint-stripping  solution.  The 
system  would  be  operated  for  the  greater  portion  of  the  time  in  this  mode.  In  the 
second  mode,  the  system  can  be  used  to  filter  the  sludge  that  accumulates  on  the 
bottom  of  the  alkaline  paint  stripper  bath.  This  mode  v/ill  only  be  required  if  a  sludge 
layer  accumulates  in  the  alkaline  paint-stripping  tanks.  Each  operating  mode  is 
described  here. 

Mode  1.  Continuous  Removal  of  Suspended  Solids 

With  new  bags  in  each  filter  housing,  the  filtration  system  is  started  every 
Monday  during  the  first  shift.  For  filtration  of  the  paint-stripping  solution,  adequate 
performance  v/ithout  excessive  downtime  was  demonstrated  by  using  the  following 
filter  bags:  a  400-/im  bag  (monofilament)  in  filter  housing  F-101,  a  200-nn\  bag 
(monofilament)  in  filter  housing  F-102,  and  a  50-/im  bag  (mesh)  in  filter  housing  F-103. 
It  is  expected  that  the  filter  bags  will  require  replacement  midway  through  the  v/eek. 
The  particulate  filtration  system  is  operated  during  the  first  and  second  shifts  (16  hours 
per  day).  When  not  in  use,  the  pump  should  be  shut  down  and  valves  VI  and  V5 
should  be  closed  (see  Rgure  13). 


Mode  2.  Periodic  Removal  of  Settled  Sludge 

If  a  sludge  layer  accumulates  in  the  alkaline  paint-stripping  tank,  the  200-/im 
and  50-;xm  filter  bags  used  in  Mode  1  should  be  removed  (the  400-Mm  filter  bag  should 
remain  in  filter  housing  F-101).  The  bottom  of  the  bath  must  be  ra^'  to  transport  the 
heavy  sludge  into  the  filtration  system  suction  line.  When  the  400-Atri.  bag  becomes 
blinded,  it  should  be  removed  from  the  filter  housing  arid  emptied.  Blinding  of  filter 
bags  is  indicated  by  a  high  pressure  drop,  which  will  lead  to  automatic  shutdown  of 
the  pump.  The  bag  should  then  be  placed  back  into  the  filter  housing  and  the  sludge 
raking  process  repeated.  The  sludge  raking  process  should  continue  until  the  bath  is 
put  back  into  production  or  the  sludge  layer  is  cleared  from  the  tank. 

5.4  LEAD  INITIAL  OPERATIONAL  PHASE 

After  completion  of  the  startup  and  operational  shakedovm  phases,  LEAD 
personnel  began  to  operate  the  particulate  filtration  system.  The  filter  system  was 
operated  with  the  following  filter  bag  configuration:  a  AOO-ixm  bag  in  filter  housing 
F-101,  a  200-/im  bag  in  filter  housing  F-102,  and  a  50-Mm  bag  in  filter  housing  F-103. 
Since  entering  the  operation  phase,  the  filtration  system  has  not  been  operated  to 
remove  sludge  from  the  alkaline  paint  stripper  bath. 

Several  problems  occurred  during  this  operational  phase.  First,  corrosion  on  a 
filter  housing  bolt  made  it  difficult  to  open  the  housing  lid  and  eventually  caused  the 
threads  to  become  stripped.  The  bolt  was  made  of  cadmium-plated  carbon  steel, 
rather  than  the  stair  ness  steel  that  had  been  specified.  The  bolt  was  replaced  by 
LEAD  personnel,  and  the  system  ’./as  returned  to  operation.  Second,  a  neoprene 
flange  gasket  developed  a  leak  during  the  system  operation.  In  addition,  all  pressure 
gauges  and  two  valves  (V8  and  V12)  failed  because  of  system  overpressurization. 

The  pump  controls  include  a  10-second  delay  between  sensing  a  high-  or  low-pres¬ 
sure  condition  and  shutting  off  the  pump;  this  design  allows  startup  of  the  system 
without  the  pump  shutting  off  because  of  low  pressure.  Apparently,  this  delay  was 
sufficient  time  for  equipment  damage  to  occur.  The  system  was  shut  down  to 
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determine  if  the  flange  had  leaked  as  a  result  of  mechanical  failure  (from  over¬ 
pressurization)  or  chemical  attack  by  the  alkaline  paint-stripping  solution.  The  system 
was  also  shut  down  so  that  a  high-pressure  relief  system  could  be  installed. 

According  to  the  supplier  of  the  filtration  system,  the  original  flange  gaskets 
were  neoprene.  Nearly  all  of  these  gaskets  exhibited  varying  degrees  of  degradation, 
such  as  swelling  and  perforation  of  the  gasket.  Although  neoprene  should  have 
worked  in  this  service,  it  was  decided  to  upgrade  all  gasket  materials  to  Teflon.  In 
Phase  3  (operational  shakedown)  the  original  O  rings  in  the  filter  housings  were 
replaced  with  molded  neoprene  ones  and  used  for  a  period  of  time  before  being 
replaced  with  Teflon  units  in  Phase  5.  When  the  neoprene  rings  were  removed,  they 
showed  no  signs  of  chemical  attack.  Although  no  additional  data  were  gathered  to 
support  this  conclusion,  it  is  believed  that  the  original  flange  gaskets  were  probably 
buna-N  rather  than  neoprene.  Buna-N  would  not  be  expected  to  last  in  this  service. 

All  pressure  gauges  were  returned  to  the  manufacturer,  who  indicated  that  all  of 
the  pressure  gauges  had  been  exposed  to  pressures  above  their  rated  capacity.  This 
probabiy  occurred  as  a  result  of  closing  a  valve  during  operation  of  the  pump.  The 
gauges  were  eventually  replaced  by  the  manufacturer  and  reinstalled  during  Phase  5. 

Two  of  the  3/4-in.  sample/bypass  valves  failed  to  seal  completely  when  closed. 
These  valves  were  disassembled  and  inspected.  Based  on  discussions  with  the  valve 
manufacturer,  the  valves  had  been  exposed  to  pressures  above  the  rated  capacity. 
The  valve  packing  was  replaced  in  the  leaking  valves,  and  extra  valve  packing  kits 
A'ere  ordered  and  delivered  to  LEAD  during  Phase  5. 

5.5  LEAD  CONTINUING  OPERATIONAL  PHASE 

During  the  final  phase  of  this  project,  the  filtration  system  was  repaired  and 
modified,  and  then  left  on  site  for  ongoing  use  in  LEAD  operations.  The  phase  began 
with  the  repair  of  the  pressure  gauges,  valve  packing,  and  flange  gaskets  that  had 
been  damaged  by  overpressurization.  An  eductor  was  installed  on  the  return  line  to 
increase  agitation  in  the  paint-stripping  tank  so  the  sludge  would  move  toward  the 
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suction  line  of  the  filtration  system.  A  backup  high-pressure  relief  valve  was  installed 
to  ensure  that  overpressure  conditions  would  not  recur  (see  Figure  13)  even  if  the 
system  were  operated  incorrectly. 

At  the  beginning  of  the  phase,  the  paint-stripping  solution  was  replaced  with  a 
fresh  bath.  During  the  mixing  of  this  solution,  it  was  discovered  that  the  powder 
dissolves  very  slowly.  The  progressing  cavity  pump  was  used  to  circulate  the  solution 
through  the  filtration  system  to  help  mix  the  powder.  Initially,  the  filtration  system  was 
operated  with  the  filter  baskets  but  without  the  bags  in  place;  all  three  baskets  were 
filled  quickly  with  sodium  hydroxide  pellets.  The  system  was  then  operated  without  the 
baskets  to  help  dissolve  the  powder. 

The  project  ended  within  a  week  after  these  repairs  were  made,  and  the  project 
schedule  did  not  allow  for  additional  characterization  of  the  bath  or  monitoring  of  the 
desired  impact  of  particulate  removal.  The  system  remains  in  place  for  continuing  use 
by  LEAD;  except  for  continuing  malfunctions  of  the  pressure  gauges,  depot  engineers 
have  indicated  that  the  system  is  operating  properly.  LEAD  plans  to  replace  the 
pressure  gauges  with  a  different  design. 

5.6  COLLECTION  OF  TEST  DATA 

This  section  presents  a  summary  of  the  quantitative  data  collected  during  the 
testing  phase  of  the  project.  The  data  include  laboratory  analysis  of  samples  collected 
from  the  alkaline  paint  stripper  bath,  on-site  settling  tests  conducted  by  ESE 
personnel,  centrifugation  analysis  results  of  alkaline  paint  stripper  bath  samples,  and 
measurements  of  the  quantity  of  material  collected  by  the  filter  bags.  In-house  LEAD 
laboratory  results  were  not  collected  for  this  report. 

A  limited  quantity  of  operations  monitoring  data  were  collected  by  LEAD 
operators  and  ESE.  These  data  are  presented  in  Appendix  D. 

5.6.1  Alkaline  Paint  Stripper  Solution  -  Laboratory  Analyses 

One  round  of  sampling  was  obtained  during  the  operational  shakedown  phase. 
The  samples  were  collected  on  January  5, 1991.  The  alkaline  paint  stripper  bath  was 
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sampled  per  the  methods  outlined  in  Section  6.0  of  the  Test  Plan  (see  Table  3)  (ESE, 
1990f).  Samples  of  the  alkaline  paint-stripping  solution  that  was  returned  from  the 
particulate  filtration  system  were  not  collected  during  this  round.  This  sampling  round 
was  used  to  establish  the  baseline  condition  of  the  unfiltered  bath  inasmuch  as  the 
bath  was  already  in  use.  These  results  were  to  be  compared  with  results  of  samples 
collected  after  the  filtration  process  had  operated  long  enough  to  clean  the  alkaline 
paint-stripping  solution  of  solids.  The  results  of  the  baseline  analysis  are  as  follows: 

•  Liquid  sample 


-  Specific  gravity 

1.33 

-  Alkalinity  (as  pH) 

13.2 

Representative  sample 
-  Total  filterable  residue 

143,000  mg/L 

-  Total  nonfilterable  residue 

493,000  mg/L 

-  Total  residue 

636,000  mg/L 

Concentration  solids  sample 
-  Specific  gravity  (liquid  layer) 

1.41 

-  Specific  gravity  (sludge  layer) 

1.66 

The  information  provided  by  the  laboratories  is  presented  in  Appendix  C.  A 
summary  of  all  sampling  data  collected  from  the  alkaline  paint  stripping  operation  was 
presented  earlier  in  Table  2.  Particle-size-distribution  tests  were  also  conducted.  The 
results  of  these  tests  and  a  summary  of  previous  data  collected  are  presented  in 
Figures  14  and  15.  The  results  supplied  by  Coulter  Laboratories  are  presented  in 
Appendix  C. 

The  mean  particle  diameter  for  the  population  data  ranged  from  1.29  to 
1.91  /im,  while  the  median  particle  diameter  ranged  from  1.19  to  1.67  depending 
on  the  sampling  episode.  Greater  than  90  percent  of  the  number  of  particles  v/ere  in 
the  0.84  to  1.13  Mm  range. 

The  volume  data  indicate  that  the  mean  particle  volume  was  that  of  a  particle 
with  a  44  to  97  Mm  diameter,  while  half  the  volume  of  particles  was  due  to  those  with 
diameters  greater  than  59  to  108  Mm.  Greater  than  90  percent  of  the  volume  was 
attributable  to  particles  with  diameters  greater  than  3.8  to  33  Mm. 
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Diameter,  pm 


Cumulative  Distribution  by  Number  of  Particles  Greater  Than  Stated  Size,  % 
Figure  1 4.  Distribution  of  Population  Data. 


Figure  15.  Distribution  of  Volume  Data. 
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These  data  show  that  a  filter  bag  mesh  size  on  the  order  of  50  to  100  Mm  would 
remove  a  majority  of  the  volume  of  particles  that  eventually  constitute  the  sludge.  A 
smaller  mesh  size,  on  the  order  of  1  Mm,  would  be  required  to  remove  a  majority  of 
the  particles.  Because  these  analyses  were  performed  on  a  sludge  sample,  these 
data  apply  to  particles  that  eventually  form  the  sludge  on  the  tank  bottom,  the  data  do 
not  describe  the  requirements  for  removing  dissolved  solids  or  solids  that  remain 
suspended  in  solution. 

5.6.2  Settling  Test 

Through  the  combined  effects  of  the  sampling  equipment  and  the  sampling 
method,  very  little  solid  material  was  collected  for  the  settling  test.  The  sampled 
alkaline  paint-stripping  solution  was  cloudy  and  brown  and  a  thin  layer  of  fine  solids 
had  collected  at  the  bottom  of  the  graduated  cylinder.  Also,  a  thin  oily  layer  appeared 
on  top  of  the  alkaline  paint-stripping  solution.  Each  layer  was  less  than  1  mm  thick, 
and  the  layers  occurred  within  1  minute  after  the  test  was  begun. 

5.6.3  Filter  Bag  Collection  Efficiency 

Several  filter  bags  were  used  in  the  testing  and  operating  phases  of  the  filtration 
system.  A  sample  of  these  bags  was  analyzed  to  estimate  the  quantity  of  solid 
material  removed  from  the  bath.  Upon  blinding,  some  types  of  filter  bags  must  be 
disposed  of,  whereas  others  may  be  reused.  Bag  disposal  increases  the  quantity  of 
hazardous  waste  generated  by  the  process. 

A  convenient  method  of  expressing  the  filter  bag  collection  efficiency  is  in  terms 
of  pounds  of  solids  removed  from  the  bath  per  pound  of  filter  bag  material  (Ibg/lbum) 
that  must  be  disposed  of  as  waste.  During  the  test  program,  it  was  noted  that  mesh 
bags  had  to  be  disposed  of  upon  blinding,  whereas  monofilament  bags  could  be 
emptied  and  reused. 

Several  blinded  mesh  bags  of  differing  sizes  were  analyzed  to  determine  their 
solids  removal  efficiency.  The  quantity  of  solid  material  in  each  bag  was  determined 
by  weighing  both  a  blinded  bag  and  an  unused  bag  of  the  same  micrometer  rating. 


51 


With  this  methodology,  mesh  filter  bags  were  capable  of  collecting  between  1 .0  and 
3.6  ibs/lbt,m  when  used  to  filter  the  alkaline  paint-stripping  solution,  whereas  mono¬ 
filament  bags  were  capable  of  collecting  approximately  5.3  Ibs/lb^m-  Monofilament 
bags  were  capable  of  collecting  greater  than  74  Ibg/lbj,^  when  used  to  filter  the  sludge 
layer.  Also,  the  monofilament  bags  could  be  emptied  and  reused. 

Based  on  observations  made  while  the  system  was  operated  with  monofilament 
bags,  the  fitter  bags  were  used  more  than  20  times  without  requiring  replacement. 
Because  the  original  bags  used  during  the  testing  phase  were  still  usable  at  the  end  of 
testing,  the  operational  life  of  these  bags  could  not  be  determined. 

5.6.4  Centrifugation  Testing 

A  liquid  fraction  from  the  alkaline  paint  stripper  bath  was  obtained  to  evaluate 
the  potential  of  centrifugation  for  removing  the  particulate  generated.  This  testing  was 
performed  by  a  centrifuge  equipment  vendor  using  their  standard  procedures  and 
equipment  (Centrico,  Inc.,  Northvale,  New  Jersey). 

The  results  of  the  centrifugation  test  were  inconclusive.  Differences  were  noted 
between  the  solids  content  of  the  sample  compared  with  laboratory  results  obtained 
during  the  preliminary  waste  characterization.  This  deviation  is  probably  due  to  the 
methods  used  to  collect  the  samples.  The  sample  submitted  for  centrifugation  was 
collected  at  the  surface  of  the  alkaline  paint  stripper  bath.  Because  of  the  high  density 
of  the  solids  compared  with  that  of  the  solution,  the  particles  quickly  settled  to  the 
bottom  of  the  bath.  The  test  results  (presented  in  Appendix  C)  indicated  there  was 
very  little  solid  material  in  the  sample.  After  centrifugation,  an  oily  layer  was  noted  at 
the  top  of  the  sample.  The  vendor  indicated  some  concern  about  possible  erosion  of 
their  equipment  due  to  the  presence  of  sand  and  gritty  material  in  the  stripping 
solution. 


52 


SECTION  6 


EVALUATION 

During  the  installation  and  operation  of  the  particulate  filtration  system  on  the 
alkaline  paint  stripper,  severai  observations  were  made  pertaining  to  the  equipment 
and  materials  used  in  the  construction  of  the  system.  These  observations  are  sum¬ 
marized  in  this  section.  Based  on  the  operational  experience  gained  on  the  filtration 
system,  information  pertaining  to  the  maintenance  of  the  system  is  also  presented. 

This  section  also  includes  the  results  of  the  research  conducted  on  bath 
chemistry,  which  was  conducted  to  predict  the  effect  of  the  filtration  system  on  the 
alkaline  paint  stripper  operation.  Based  on  this  information  and  the  experience  gained 
during  the  operation  of  the  filtration  system,  additional  testing  is  proposed.  Specifics 
of  this  additional  testing  are  presented  herein. 

6.1  SYSTEM  COMPONENTS 

A  summary  of  the  equipment  components  associated  with  the  particulate  filtra¬ 
tion  system  was  presented  in  Table  3.  Specific  discussions  pertaining  to  these 
components  are  presented  in  the  following  subsections. 

6.1.1  Control  Panel 

The  control  panel  has  provided  adequate  service  to  date,  however,  because  of 
the  operation  of  the  progressing  cavity  pump  during  unstable  conditions  (large  air 
pockets  in  the  filter  housing  that  must  be  vented)  and  the  placement  of  the  control 
pane!  on  the  filtration  skid,  control  panel  vibrations  are  noticeable  at  times.  LEAD  may 
consider  adding  braces  to  the  control  panel  to  control  these  vibrations,  even  though 
they  are  not  expected  to  cause  any  operational  problems. 

6.1.2  Filter  Bags 

Several  problems  developed  pertaining  to  the  filter  bag  materials  of  construc¬ 
tion.  A  product  bulletin  recommended  polyester  bags  for  this  application,  however. 
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these  bags  were  not  capable  of  providing  adequate  service  under  the  combination  of 
temperature  and  chemical  conditions.  A  bag  would  begin  to  disintegrate  after  15  to  20 
minutes  of  services.  Only  S-^m  polyester  filter  bags,  which  blinded  within  5  minutes, 
could  be  effectively  evaluated  in  the  filtration  system. 

The  manufacturer  of  the  filter  bags  was  contacted  to  discuss  the  materials 
compatibility  problems.  Based  on  additional  information  provided  by  the  manufacturer, 
nylon  was  determined  to  be  a  more  appropriate  material  for  the  bags. 

The  replacement  nylon  filter  bags  were  not  affected  by  the  alkaline  paint-strip- 
ping  solution:  however,  the  polyester  thread  used  to  sew  the  filter  bags  was,  and  the 
bags  opened  up  along  the  seam  after  a  few  minutes  of  service.  When  nylon  bags 
sewn  with  nylon  thread  were  obtained,  no  problems  occurred.  Future  orders  of  the 
filter  bags  should  specify  both  the  bag  and  thread  materials.  Consideration  shoulc 
also  be  given  to  the  compatibility  of  chemicals  other  than  sodium  hydroxide  with  the 
filter  bag  and  thread  materials. 

6.1.3  Filter  Housings/Baskets 

Originally,  welded  O  rings  were  supplied  with  the  filter  housings.  All  of  the 
original  0  rings  on  the  filter  baskets  and  in  the  filter  housing  groove  failed  at  the 
welded  seam.  This  problem  was  solved  by  replacing  the  welded  O  rings  (with  seams) 
with  molded  0  rings  (no  seams).  No  problems  have  been  encountered  with  the 
molded  0  rings.  During  the  upgrading  of  the  flange  gaskets,  all  of  the  0  rings  were 
changed  over  to  Teflon. 

During  the  startup  phase,  the  welded  seam  of  a  filter  basket  screen  opened  up 
3  or  4  in.  during  the  filtering  of  the  sludge  layer  of  the  alkaline  paint-stripping  solution. 
This  was  caused  by  an  overpressure  condition  that  resulted  f.'cm  starting  the  filtration 
system  with  a  blinded  filter  in  one  filter  housing.  The  overpressure  condition  occurred 
during  startup,  before  the  10-second  high-pressure  control  switch  time  delay  had 
expired.  This  Incident  demonstrated  the  need  for  a  backup  high-pressure  relief  valve 
(which  was  later  installed).  The  damaged  filter  basket  was  repaired  and  returned  to 
service.  No  filter  basket  problems  have  since  occurred,  and  the  repaired  basket  has 
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provided  adequate  service.  Nevertheless,  a  spare  filter  basket  was  purchased  for 
LEAD. 

When  the  filtration  system  entered  the  LEAD  operational  mode  (Phase  4), 
problems  occurred  with  the  bolts  used  to  secure  the  lids  of  the  filter  housings.  The 
bolt  material  of  construction  was  cadmium-plated  carbon  steel,  which  was  inadequate 
for  this  service.  As  the  cadmium  plating  wore  off  the  threads,  the  carbon  steel  bolts 
corroded  when  they  came  in  contact  with  the  strong  alkaline  solution.  This  problem 
was  solved  by  replacing  the  stripped  bolts  with  stainless  steel  bolts  (as  specified  in  the 
Filtration  System  RFQT  Since  the  repairs,  no  problems  have  been  recorded. 

6.1.4  High/Low-Pressure  Cutoff  Valve 

The  high/low-pressure  cutoff  switch  performed  as  designed.  During  operation 
of  the  filtration  system,  however,  it  was  noted  that  an  overpressure  condition  could 
occur  before  the  10-s  time  delay  had  expired.  This  time  delay  had  been  built  into  the 
control  rystem  to  allow  starting  the  equipment  without  the  pump  shutting  off  imme¬ 
diately  because  of  low  pressure.  This  problem  was  solved  by  installing  a  pressure 
relief  valve.  This  valve  provided  a  backup  system  in  case  of  a  control  switch  failure 
and  to  prevent  the  occurrence  of  overpressure  conditions  before  the  10-s  time  delay 
of  the  high-pressure  cutoff  switch  expires. 

6.1.5  Pressure  Gauges 

Ail  of  the  original  pressure  gauges  developed  problems  and  had  to  be  repaired. 
The  first  (PI-01)  and  third  (PI-03)  gauges  developed  significant  gauge  reading  offsets. 
The  second  pressure  gauge  (PI-02)  began  leaking  silicone  oil  and  would  not  function. 
These  gauges  were  disassembled  and  inspected.  The  first  and  third  pressure  gauges 
had  been  overpressured  and  were  replaced.  The  cause  of  this  overpressure  was 
eliminated  by  installing  a  backup  high-pressure  relief  vaive.  The  second  pressure 
gauge  (on  filter  housing  F-102)  had  been  tampered  with  or  damaged.  A  small  amount 
of  silicone  oil  was  leaking  from  the  threaded  connection  between  tiie  pressure  gauge 
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and  the  diaphragm  seal.  The  gauge  was  removed  and  repaired  by  reestablishing  the 
seal  isolating  the  pressure  gauge  from  the  alkaline  paint-stripping  solution. 

At  the  end  of  this  project,  LEAD  engineers  indicated  that  the  pressure  gauges 
were  malfunctioning  and  that  the  pressure  readings  appeared  too  low.  LEAD  has 
suggested  that  solids  may  be  building  up  on  the  diaphragms  of  the  gauges.  Depot 
engineers  plan  to  specify  flange-mounted  gauges  to  solve  this  problem. 

6.1.6  Pressure  Relief  System 

Because  of  the  overpressure  problems  that  occurred  during  the  shakedown 
and  operational  phases  of  this  project,  a  backup  high-pressure  relief  system  was 
installed.  This  system  consists  of  a  spring-loaded  pressure  relief  valve  located  at  the 
pump  discharge.  If  the  pressure  exceeds  the  130-psig  setting  of  the  valve,  the  valve 
will  open  and  return  some  or  all  of  the  pump  discharge  back  to  the  pump  suction. 

This  will  immediately  eliminate  the  high-pressure  condition.  The  valve  automatically 
closes  after  the  high  pressure  is  dissipated.  The  high/low-pressure  cutoff  valve  is 
designed  to  shut  down  the  pump  at  a  pressure  of  100  psig.  Therefore,  after  the 
pressure  relief  system  decreases  the  pressure  to  below  130  psig,  the  pump  will  be 
shut  down  after  the  10-s  time  delay  expires  if  the  cause  of  the  increased  pressure  has 
not  disappeared.  This  design  allows  the  temporary  reducton  of  pressure  to  avoid 
equipment  damage,  while  still  shutting  off  the  pump  to  notify  the  equipment  operator 
of  a  malfunction  that  can  then  be  identified  and  corrected.  The  pressure  relief  system 
is  also  effective  in  controlling  short-duration  pressure  surges  v/ithout  causing  the 
system  to  shut  down.  This  system  is  also  useful  as  an  emergency  backup  in  the 
event  that  the  pressure  gauge  for  the  high-pressure  cutoff  valve  malfunctions. 

During  operation  of  the  filtration  system,  the  pressure  relief  system  has 
performed  as  expected;  however,  during  pressure  testing  of  the  filtration  system  (to 
test  for  system  leaks),  the  relief  valve  leaks  slightly  through  the  packing  house  when  a 
high  pressure  is  applied  to  the  valve  discharge,  which  never  occurs  during  its  opera¬ 
tion.  This  is  not  considered  a  problem  and  will  not  affect  the  performance  of  the  filtra¬ 
tion  system  or  the  high-pressure  relief  valve. 
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6.1.7  Process  Piping/Flange  Gaskets 

No  process  piping  problems  were  noted  during  operation  of  the  filtration 
system.  During  installation  of  the  high-pressure  relief  valve,  however,  the  pump 
suction  piping  was  examined,  and  a  significant  buildup  of  sludge  had  occurred  in  the 
pipe  section  between  the  filtration  system  suction  line  in  the  tank  and  the  suction  valve 
(V1).  This  resulted  from  the  system  sitting  idle  while  the  bath  solids  settled  in  the 
pipeline.  Although  this  is  not  expected  to  happen  when  the  filtration  system  is  oper¬ 
ating,  this  pipe  should  be  suspected  if  unexplained  low-flow  problems  occur. 

Neoprene  flange  gaskets  were  initially  used  on  the  particulate  filtration  system. 
During  the  LEAD  initial  operational  phase  of  this  project,  a  flange  gasket  developed  a 
leak.  Examination  of  several  neoprene  gaskets  indicated  that  they  had  been  subjected 
to  severe  chemical  attack.  The  neoprene  gaskets  were  replaced  with  Teflon  gaskets, 
although  a  review  of  the  materials  compatibility  indicated  that  both  Teflon  and 
neoprene  are  recommended  for  this  service.  No  problems  have  been  observed  since 
the  Teflon  gaskets  were  installed.  As  discussed  earlier,  there  is  speculation  that  the 
original  gaskets  may  not  have  been  neoprene. 

6.1.8  Progressing  Cavity  Pump 

Problems  developed  with  the  progressing  cavity  pump  before  its  delivery  to 
LEAD.  A  weld  on  the  pump  leaked,  and  the  pump  had  to  be  returned  to  the 
manufacturer  for  repair.  This  proved  to  be  a  manufacturing  defect,  and  it  is  not 
expected  to  be  a  recurring  problem. 

Since  the  pump  was  repaired,  it  has  demonstrated  its  ability  to  circulate  the 
alkaline  paint-stripping  solution  and  sludge  mixture.  The  pump  flow  rate  was 
determined  by  using  a  nonintrusive  flowmeter  (based  on  sound  waves).  Measure¬ 
ments  indicated  this  flow  varies  between  48  and  54  gallons  per  minute  at  a  pressure 
up  to  the  high-pressure  shutoff  point  of  100  psig.  The  pump  was  also  shown  to  be 
capable  of  pumping  the  concentrated  sludge  with  no  problems. 

During  the  test  program,  several  operational  characteristics  of  the  pump  were 
noted.  Vibrations  generated  by  the  pump  during  the  startup  phase  of  the  project 


caused  the  pump  shaft  to  become  out  of  alignment.  This  problem  was  due  to  either 
loose  pump  and  drive  mounting  bolts  or  improper  shaft  alignment  of  the  pump.  The 
problem  was  aggravated  by  the  lack  of  a  flat  surface  where  the  skid  was  located.  This 
problem  eventually  caused  the  pump  drive  couplings  to  "slip."  To  prevent  this  problem 
from  recurring,  the  skid  was  leveled  and  the  pump  shaft  was  realigned.  Since  this 
realignment,  no  problems  have  occurred.  It  was  also  found  that  venting  trapped  air 
from  the  filter  housings  significantly  reduced  the  vibration  of  the  system. 

During  realignment  of  the  gear  reducer  coupling,  the  grease  seal  on  the  pump 
shaft  was  found  to  oe  damaged.  This  probably  occurred  when  the  pump  was  being 
repaired.  No  problems  occurred  when  the  system  was  run  without  the  seal;  however, 
the  seal  should  be  replaced  by  the  system  manufacturer  or  LEAD. 

A  potential  operational  problem  was  identified  during  the  weekly  shutdown  and 
cleaning  of  the  progressing  pump  if  the  pump  is  left  unattended.  After  the  pump  is 
operated  for  an  extended  time,  a  layer  of  sludge  will  collect  between  the  pump  rotor 
and  stator.  This  is  a  normal  occurrence  inasmuch  as  the  system  may  pump  a  high- 
sludge  liquid  stream,  if  the  system  is  not  scheduled  to  operate  for  more  than  a  day, 
this  sludge  probably  should  be  purged  from  the  pump.  During  the  shakedown  phase, 
a  procedure  was  developed  to  address  this  issue.  Jogging  the  pump  for  5  seconds 
while  the  fresh-water  line  valve  (V8)  is  open  and  the  suction  line  cutoff  valve  (V1)  is 
closed  effectively  purges  the  sludge  from  the  pump.  Once  the  sludge  has  been 
removed,  fresh  water  will  flow  freely  into  the  first  filter  housing  (F-101)  even  with  the 
pump  off.  This  flow  can  be  observed  by  removing  the  filter  housing  cover  and  viewing 
the  inlet  line  (while  the  pump  is  off).  LEAD  engineers  noted,  however,  that  in  Phase  5 
of  the  project,  despite  a  long  shutdown  and  the  accumulation  of  a  large  amount  of 
undissolved  reagent  in  the  pump,  the  pump  was  started  and  operated  without 
problems. 

6.1.9  Valves 

The  sample  valve  after  filter  housing  F-102  (V12)  was  observed  to  be  leaking 
alkaline  paint-stripping  solution.  Also,  the  bypass  valve  after  filter  housing  F-101  (V8) 
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had  begun  to  leak.  Both  valves  were  disassembled  and  examined.  Apparently,  these 
valves  had  been  subject  to  overpressure.  No  materials  compatibilit>'  problems  were 
evident.  The  valve  seals  were  replaced  and  the  valves  reassembled.  No  other  valve 
problems  have  been  noted. 

6.2  BATH  CHEMISTRY 

Information  was  collected  to  define  the  chemistry  of  the  paint-stripping  process. 
The  information  was  collected  from  the  open  literature  and  from  work  conducted  to 
determine  the  original  alkaline  paint  stripper  composition  (Spencer,  1962;  Kolene 
Corporation,  undated;  Durney,  1982). 

One  of  the  objectives  of  the  Test  Plan  was  to  observe  and  correlate  any 
changes  in  the  bath  chemistry  associated  with  the  use  of  the  particulate  filtration 
system.  Specifically,  the  amounts  of  sodium  hydroxide,  sodium  gluconate,  and  water 
added  to  the  bath  were  to  be  measured  during  the  test  program. 

The  concentrations  of  sodium  hydroxide  and  sodium  gluconate  and  the 
solution-specific  gravity  are  measured  weekly  by  the  LEAD  laboratory.  Each  of  these 
parameters  has  a  target  value  that  was  established  in  the  original  specifications  and  by 
operating  experience.  The  results  of  these  tests  are  used  to  determine  the  amount  of 
any  of  these  materials  that  must  be  added  to  the  batf  to  stay  within  the  acceptable 
range.  Currently,  trace  alkaline  paint-stripping  chemicals  are  not  monitored. 

Although  it  was  not  demonstrated  during  testing,  a  decrease  in  the  amount  of 
sodium  hydroxide  added  to  the  bath  should  be  noted.  As  discussed  in  Section  2.2, 
during  paint  removal  the  sodium  hydroxide  reacts  with  the  paint  binders  in  a  typical 
saponification  reaction  (ESE,  1990a).  As  this  occurs,  the  sodium  hydroxide  is 
consumed  in  the  reaction. 

During  testing,  sizable  (1/4  in.  to  >1  in.  across)  pieces  of  paint  coating  were 
found  to  be  mixed  in  v/ith  the  sludge  that  was  removed  from  the  filter  bags.  This 
indicated  that  the  paint  coating  was  removed  from  the  parts  in  relatively  large  pieces 
and  subsequently  sank  to  the  bottom  of  the  alkaline  paint  stripper  bath.  Because  the 
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coating  was  still  in  the  solution,  it  continued  to  react  and  consume  the  sodium 
hydroxide. 

The  filtration  system  has  the  ability  to  remove  the  pieces  of  paint  coating  from 
the  bath  before  they  rpnnt  ^ne  particles;  therefore,  less  sodium  hydroxide  should 
have  to  be  added  to  the  bath.  The  mechanical  problems  with  the  filtration  system 
prevented  q',  'intitative  results  from  being  obtained. 

The  other  bath  parameter  that  was  to  be  tracked  during  system  testing  was  the 
quantity  of  sodium  gluconate  added  to  the  bath.  Based  on  a  report  supplied  by  LEAD 
personnel,  operation  of  the  particulate  filtraticn  system  is  not  expected  to  cause  a 
significant  reduction  in  the  amount  of  sodium  glucnate  added  to  the  bath.  Based  on 
the  data  presented  in  the  Army  report  (see  Appendix  E),  sodium  gluconate  is  therrrially 
unstable  and  decomposes  with  time.  The  report  provided  a  correlation  between  the 
rate  of  decomposition  and  temperature.  As  shown  in  Figure  4  of  Appendix  E,  the 
decomposition  of  sodium  gluconate  increased  significantly  as  the  temperature  ap¬ 
proached  the  boiling  point  of  the  solution.  No  plan  existed  to  change  the  bath 
temperature  during  the  filtration  testing:  therefore,  the  consumption  of  sodium 
gluconate  was  not  expected  to  change  significantly  as  a  result  of  removing  the  paint 
sludge  from  the  bath. 

This  same  report  examined  the  effect  of  temperature  on  the  corrosion-removing 
performance  of  various  formulations.  Table  7  of  Appendix  E  summarizes  the  results  of 
this  wo'^k.  The  table  indicates  that  the  solution  temperature  has  a  strong  influence  on 
corrosion  removal.  Therefore,  lowering  the  bath  temperature  to  reduce  the  depletion 
of  sodium  gluconate  may  be  at  the  expense  of  effectii/e  corrosion  removal. 

In  addition  to  the  major  alkaline  paint  stripper  components  (sodium  hydroxiu. 
and  sodium  glucotiate),  several  trace  compounds  are  included  in  the  solid  alkaline 
paint  stripper.  Tf^ese  trace  compounds  play  a  significant  role  in  controlling  the  bath 
chemistry.  No  baseline  analyses  were  performed  to  characterize  the  decomposition  of 
these  trace  alkaline  paint  stripper  chemicals.  A  summary  of  the  trace  compounds 
included  in  the  solid  alkaline  paint  stripper,  the  purpose,  and  the  recommended 
solution  concentration  are  included  in  the  Draft  Assessment  Report,  Appendix  B  (ESE, 
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1990a).  Currently,  LEAD  adds  only  sodium  hydroxide  and  sodium  gluconate  to 
rejuvenate  the  bath.  T\wo  rejuvenating  additives  are  available  that  contain  sodium 
hydroxide  and  trace  compounds  (Type  I  -  Corrosion  Removing  Compound)  or  sodium 
gluconate  and  trace  compounds  (Type  il  -  Rejuvenating  Additive)  (ESE,  1990a). 

These  additive  mixtures  may  be  preferred  as  a  means  of  resupplying  trace  compounds 
to  the  alkaline  paint  stripper  bath. 

The  filtration  system  is  expected  to  have  the  added  benefit  of  decreasing  the 
amount  of  chemicals  used  in  the  bath.  Both  the  LEAD  operators  and  engineers  are 
aware  that  a  significant  quantity  of  chemicals  added  to  the  bath  do  not  go  into  solu¬ 
tion;  however,  the  amounts  have  never  been  quantified.  Because  of  lack  of  agitation, 
the  solid  alkaline  stripper  sinks  to  the  bottom  of  the  tank  and  becomes  part  of  the 
sludge  layer.  This  happens  during  initial  makeup  of  the  solution  and  when  material  is 
added  over  the  life  of  the  bath.  During  the  makeup  of  the  last  fresh  bath,  the  filtration 
system  was  used  (without  filter  bags  in  the  housings)  to  dissolve  the  chemical  solids 
more  rapidly  and  completely.  Overall,  this  will  lead  to  more  effective  use  of  the  chem¬ 
icals  added  and  a  reduction  in  the  amount  of  chemicals  added  to  keep  the  measured 
bath  parameters  at  the  same  level.  When  Tooele  Army  Depot  replaced  its  solid  paint 
stripper  with  a  stripper  packaged  in  a  liquid  form,  personnel  noted  an  i.icrease  in  tank 
iife,  perhaps  in  part  due  to  less  undissolved  reagent.  Reducing  undissolved  solids  by 
better  mixing  may  also  extend  tank  life. 

6.3  MAINTENANCE  OF  THE  PARTICULATE  FILTRATION  SYSTEM  BY  LEAD 

Several  components  on  the  particulate  filtration  system  will  require  routine 
maintenance.  The  lubricant  in  the  progressive  cavity  pump  gear  reducer  should  be 
replaced  when  the  system  is  repaired.  Afterwards,  the  gear  reducer  lubricant  should 
be  checked  every  2,000  hours  of  operation  (or  every  6  months).  The  gear  reducer 
lubricant  should  be  replaced  once  a  year.  The  pump  bearings  should  be  lubricated 
every  5,000  to  10,000  hours  of  operation.  The  Operations  and  Maintenance  Manual 
provided  with  the  fi'tration  system  should  be  consulted  for  additional  routine 
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maintenance  (APT,  Inc.,  1990).  All  other  system  components  should  receive  routine 
maintenance  in  accordance  with  LEAD  standard  procedures.  The  pump  manufacturer 
should  be  contacted  to  establish  some  level  of  support  through  the  factory  or  nearest 
representative. 

In  addition  to  the  routine  scheduled  maintenance,  LEAD  personnel  should 
regularly  inspect  the  equipment  for  leaks  or  malfunctioning  equipment.  This  includes 
flange  gaskets,  pump  packing,  and  filter  housing  0  rings.  The  valves  should  be 
pressure-tested  weekly  to  prevent  leaks. 

6.4  EXPECTED  RESULTS,  PERFORMANCE,  AND  BENEFITS 

Based  on  the  research  conducted  to  date,  the  following  performance  objectives 
and  benefits  are  expected  from  operating  the  particulate  filtration  system  on  the 
alkaline  paint  stripper  bath.  The  system  will  reduce  or  eliminate  the  formation  of  a 
sludge  layer  in  the  alkaline  paint-stripping  tank.  Because  sludge  layer  thickness  is  one 
of  the  parameters  used  to  decide  when  to  replace  the  paint-stripping  solution,  this 
should  extend  the  bath  life.  Removal  of  the  sludge  layer  and  stripped  paint  should 
also  have  an  effect  on  the  bath  chemistry.  Information  on  bath  chemistry  presented  in 
Section  6.2,  however,  suggests  that  sodium  gluconate  additions  may  not  decrease 
with  the  use  of  the  filtration  system,  but  filtration  may  reduce  sodium  hydroxide 
depletion.  Reducing  the  amount  of  solids  drag-out  on  the  parts  will  reduce  carryout  of 
absorbed  liquid,  reduce  rinse  time,  and  reduce  contamination  of  rinse  water.  The  tank 
operators  have  reported  that  since  the  filtration  system  has  been  operating,  parts  drag 
out  significantly  less  solids  and  require  much  less  rinse  time. 

The  most  noticeable  effect  on  reduction  in  waste  disposal  will  be  the  ability  to 
remove  the  sludge  without  emptying  the  bath.  The  goal  will  be  to  dispose  of  six 
barrels  of  sludge  per  year  while  replenishing  only  the  active  ingredients  in  the  solution. 
An  additional  benefit  is  the  reduction  in  manpower  traditionally  needed  to  remove  the 
sludge  and  the  elimination  of  the  hazards  associated  with  going  inside  the  tank. 
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The  turbulence  created  by  the  system  will  help  dissolve  the  alkaline  paint 
stripper  powder.  LEAD  personnel  have  noted  that  the  tank  turbulence  and  flow 
through  the  filtration  unit  is  sufficient  to  reduce  material  floating  on  the  solution’s 
surface. 

Also,  with  the  application  of  the  reusable  monofilament  nylon  filter  bags  instead 
of  mesh  bags,  fewer  filter  bags  must  be  disposed  of.  None  of  the  monofilament  bags 
have  been  disposed  of  because  of  blinding;  therefore  the  filter  bags  will  not  add  to  the 
volume  of  waste  from  the  operation. 

6.5  ADDITIONAL  PERFORMANCE  TESTING  OF  THE  PARTICULATE 

FILTRATION  SYSTEM 

Because  of  mechanical  problems  with  the  particulate  filtration  system,  perfor¬ 
mance  testing  was  not  completed.  During  startup  and  shakedown,  the  filtration 
system  was  demonstrated  as  being  effective  in  the  removal  of  particulates  from  the 
bath;  however,  a  quantitative  measure  of  this  effectiveness  could  not  be  obtained. 
Therefore,  additional  testing  should  be  conducted  to  determine  the  following: 

•  Change  in  the  alkaline  paint-stripping  solution  chemical  usage  and 
solution  bath  life  when  operating  the  filtration  system 

“  Most  effective  filter  bag  combination  to  collect  particulate  from  the 
alkaline  paint-stripping  solution 

"  Most  efficient  filter  bag  to  collect  the  particulate  in  the  sludge  layer 

°  Effective  life  of  the  monofilament  bags 

°  Effectiveness  of  monofilament  bags  below  200 

The  effectiveness  of  the  particulate  filtration  system  should  be  measured  by  its 
ability  to  reduce/eliminate  a  sludge  layer  at  the  bottom  of  the  tank  and  to  effect  a 
reduction  in  the  chemical  additions  (e.g.,  sodium  hydroxide  and  sodium  gluconate). 
Additional  research  should  be  conducted  to  seler  3  most  efficient  filter  bags  to 
operate  the  filtration  system.  The  most  efficie^'^  .^gs  will  be  capable  of  removing  a 
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large  quantity  of  material  without  requiring  frequent  replacement  or  cleaning.  This 
research  should  include  using  only  reusable  monofilament  filter  bags.  Testing  should 
also  be  conducted  to  quantify  the  waste  collected  from  the  alkaline  paint  stripper  bath 
by  the  quantity  of  waste  generated  by  the  filtration  system  (i.e.,  blinded  filter  bags). 
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SECTION  7 


CONCLUSIONS  AND  RECOMMENDATIONS 

7.1  CONCLUSIONS 

Based  on  the  results  presented  in  Section  5  and  the  technical  evaluation  in 
Section  6,  several  conclusions  can  be  dra\wn  concerning  the  alkaline  paint-stripping 
and  filtration  operations.  Of  the  solid-liquid  separation  technologies  evaluated,  the 
pressure  bag  filter  \was  determined  to  be  the  best  choice,  based  on  efficiency,  cost, 
and  operational  simplicity,  for  removing  the  particulates  generated  in  the  alkaline  paint 
stripper  bath.  Application  of  other  particulate  removal  technologies  was  rejected 
because  of  technical  limitations,  size,  or  expense.  Supplementary  results  obtained  on 
centrifuging  the  alkaline  paint-stripping  solution  and  the  nature  of  the  paint-stripping 
operation  eliminated  the  centrifuge  option. 

Based  on  the  data  collected  and  the  observations  made  during  the  testing 
phase  of  the  project,  the  pressure  filtration  system  is  capable  of  removing  the  solids 
from  the  alkaline  paint  stripper  bath.  Therefore,  this  system  achieved  one  of  the 
objectives  of  the  project. 

Mechanical  problems  that  developed  before  and  after  installation  of  the  filtration 
system  prohibited  obtaining  quantitative  results  to  prove  that  the  system  would  extend 
the  life  of  the  alkaline  paint  stripper  bath  or  reduce  the  sodium  hydroxide  usage. 

Based  on  research  previously  conducted  by  the  Army  during  the  development 
of  the  alkaline  paint-stripping  operation,  there  is  evidence  indicating  that  the  particulate 
filtration  system  will  not  significantly  decrease  the  usage  of  sodium  gluconate.  Sodium 
gluconate  decomposition  is  most  strongly  influenced  by  the  bath  temperature.  The 
bath  temperature  should  be  kept  as  low  as  possible  and  still  strip  the  paint  and 
corrosion  from  the  parts  in  the  process.  The  bath  should  not  be  heated  when  no 
production  is  scheduled. 

A  review  of  the  alkaline  paint  stripper  bath  chemistry  and  LEAD  chemical 
addition  procedures  indicated  that  trace  chem.icals  required  for  the  stripping  operation 
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were  not  added  to  the  bath.  Methods  should  be  developed  to  measure  the  solution 
concentration  of  some  trace  compounds. 

7.2  RECOMMENDATIONS 

The  recommendations  presented  herein  are  based  on  the  data  collected  and 
observations  made  during  the  testing  and  operational  phases  of  this  project.  They 
pertain  to  alkaline  paint  stripper  bath  operations,  particuiate  filtration  system 
operations,  and  the  design  and  operation  of  future  filtration  systems. 

Also  presented  are  recommendations  pertaining  to  additional  testing  of  the 
existing  system.  The  additional  testing  will  provide  quantitative  evidence  of  the 
performance  of  the  filtration  system  and  identify  which  filter  bags  or  filter  bag 
combinations  remove  the  greatest  quantity  of  solids  from  the  paint  stripper  bath  with¬ 
out  frequent  bag  changes. 

7.2.1  Alkaline  Paint  Stripper  System  Operation 

The  particulate  filtration  system  was  designed  to  operate  without  continuous 
monitoring  or  requiring  modifications  in  tank  operation.  Several  alkaline  paint-stripping 
operational  practices,  however,  were  noted  to  increase  the  efficiency  of  the  filtration 
process  and  the  life  of  the  paint-stripping  solution. 

Based  on  on-site  observations  and  discussions  with  the  tank  operators  and 
supervisors,  elevating  the  grates  above  the  bottom  of  the  bath  is  recommended  as  a 
means  of  increasing  the  turbulence  generated  by  the  return  line  of  the  filtration  system. 
The  grates  should  be  elevated  by  welding  legs  to  the  bottom  of  the  grates  to  allow 
increased  flow  across  the  bottom  of  the  paint-stripping  tank.  The  greater  turbulence  at 
the  bottom  of  the  tank  should  increase  suspension  of  the  sludge  layer.  It  is 
recommended  that  additional  operations  be  conducted  to  quant;^y  the  effect  of 
increased  turbulence  on  the  sludge  layer. 

Starting  the  filtration  process  with  a  clean  bath  will  allow  the  filtration  .system  to 
remove  the  particulates  from  the  bath  as  they  are  generated.  Methods  were 
developed  during  this  project,  however,  to  remove  sludge  accumulated  over  a  period 
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of  time.  These  methods  would  allow  reclamation  of  a  contaminated  bath  so  that  there 
is  no  need  to  dispose  of  a  bath  for  the  sole  purpose  of  beginning  operation  of  the 
filtration  system  cn  a  fresh  solution. 

The  paint  stripper  sludge  layer  should  be  measured  on  a  weekly  basis.  If  a 
sludge  layer  develops,  the  recommended  sludge-raking  procedures  should  be  used  to 
remove  this  material. 

Based  on  a  review  of  reports  summarizing  the  original  quantitative  work  and  a 
review  of  LEAD  operating  parameters,  changes  in  the  chemical  addition  procedures 
are  recommended.  Currently,  only  sodium  hydroxide  and  sodium  gluconate  are 
added  to  rejuvenate  the  alkaline  paint  stripper  bath.  LEAD  should  consider  returning 
to  the  addition  of  the  chemical  additives  recommended  by  the  paint  stripper  vendor. 
These  additives  contain  either  sodium  hydroxide  or  sodium  gluconate  and  the  trace 
compounds  required  for  optimal  bath  operation. 

7.2.2  Particulate  Filtration  System  Operation 

Based  on  the  operational  experience  gained  during  the  test  phase,  the  following 
operational  practices  are  recommended. 

When  a  fresh  alkaline  paint  stripper  solution  bath  is  made,  the  filtration  system 
should  be  operating  (without  filter  bags).  The  filtration  system  will  increase  bath 
turbulence,  which  increases  the  dissolution  of  the  solid  stripper. 

The  filtration  process  should  be  started  with  a  clean  bath  to  prevent  or  reduce 
sludge  buildup.  The  alkaline  paint-stripping  solution  should  be  filtered  during  the  first 
and  second  shifts  Monday  through  Friday  (see  Subsection  5.3.3).  At  the  end  of  the 
second  shift  on  Fridays  and  on  the  days  preceding  holidays,  the  filtration  system 
should  be  shut  down  and  cleaned.  If  a  sludge  layer  begins  to  form  on  the  bottom  of 
the  alkaline  paint  stripper  tank,  weekly  raking  should  be  conducted  (see  Subsection 
5.3.2). 

For  filtering  the  alkaline  paint-stripping  solution,  the  follov^ing  filter  bag  train  is 
recommended: 

•  F-101  =  400  Mm,  F-102  =  100  Mm,  F-103  =  50  Mm 
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If  the  amount  of  material  in  the  filter  bags  decreases,  the  micrometer  rating  of 
the  bags  should  be  reduced  to  capture  the  smaller  particles.  This  should  be  done  in 
steps,  and  at  least  a  week  should  be  allowed  between  a  change  in  the  micrometer 
ratings  of  the  bags.  If  a  sludge  layer  forms  in  the  bath,  it  should  be  removed  on  a 
weekly  basis  by  the  techniques  discussed  in  Subsections  5.3.2  and  5.3.3.  The  sludge 
layer  should  be  filtered  through  a  single  400-Mm  filter  in  filter  housing  F-101. 

It  is  recommended  that  nylon  filter  bags  sewn  with  nyion  thread  be  used  to 
collect  the  particulate  from  the  alkaline  paint-stripping  solution.  This  must  be  explicitly 
stated  when  ordering  replacement  bags.  All  bags  should  be  monofilament  rather  than 
mesh.  Although  monofilament  nylon  bags  of  small  micrometer  rating  are  significantly 
more  expensive  that  mesh  nylon  bags,  the  potential  for  their  reuse  may  make  this 
application  economical. 

Filter  bags  should  be  changed  when  the  pressure  drop  of  the  system  exceeds 
100  psi  or  the  high-pressure  alarm  sounds. 

A  regular  maintenance  program  should  be  developed  to  service  the  particulate 
filtration  system.  The  basis  for  this  program  was  discussed  in  Section  6.3. 

7.2.3  Design  and  Operational  Recommendations  for  Future  Particulate  Filtration 

Systems 

The  design  presented  earlier  in  Section  3.2  with  the  proposed  modification 
should  serve  as  the  basis  of  future  designs.  Figure  16  presents  a  process  sketch  of 
the  proposed  future  particulate  filtration  systems  for  alkaline  paint  strippers.  Sample 
valves  need  not  be  installed  on  future  systems.  These  valves  were  installed  only  to 
collect  samples  to  evaluate  the  performance  of  the  filtration  system  during  the  test. 

The  3/4-in.  bypass  piping  should  be  enlarged  to  2-in.  piping.  During  the  test 
program,  it  would  have  been  convenient  if  a  single  filter  housing  could  have  been 
bypassed  with  the  rest  of  the  system  remaining  operational.  It  is  also  recommended 
that  an  additional  bypass  valve  be  moved  onto  the  skid.  The  valve  located  after  filter 
housing  F-103  (see  Valve  V5  on  Figure  13)  should  be  moved  (see  Valve  V5  on  Figure 
16). 
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Figure  1 6.  Process  Sketch  of  Future  F 
Paint-Stripping  Solutions  with  all 


ate  Filtration  Systems  for  Alkaline 
nmended  Design  Changes. 


The  pressure  gauges  should  be  relocated  on  the  piping.  The  present  location 
leaves  the  gauges  vulnerable  to  being  struck  while  opening  the  filter  housing  or 
loosening  the  filter  housing  bolts.  The  pressure  gauges  should  be  placed  horizontally 
on  the  vertical  section  of  the  pipe  between  the  pipe  and  the  filter  housing  (see  Figure 
17). 

Additional  support  braces  should  also  be  installed  on  future  systems  to  reduce 
vibration.  Braces  should  be  placed  on  the  pipe  before  the  first  filter  housing  to  the 
base  on  the  filter  skid.  This  last  modification  was  added  to  the  system  at  LEAD  during 
the  final  phase  of  the  work,  and  it  significantly  reduced  the  vibration. 

7.2.4  Proposed  Sampling  Data  Collection  Techniques  for  the  Existing  System 

Changes  should  be  made  in  the  sampling  techniques  presented  in  Section  5.2 
of  the  Test  Plan.  A  long-handled  ladle  could  be  used  to  collect  liquid  samples.  The 
representative  samples  and  sludge  samples  should  be  discontinued  because  there  will 
be  no  significant  sludge  layer  to  sample,  and  the  large  increase  in  the  level  of 
turbulence  makes  any  stratification  in  the  bath  unlikely.  A  method  of  measuring  the 
presence  and  depth  of  a  sludge  layer  should  be  developed,  however. 

7.2.5  Additional  Testing 

Because  of  the  mechanical  problems  encountered  during  the  test  program,  few 
quantitative  data  were  obtained  for  evaluating  the  erfect  of  the  filtration  system  on  the 
paint  stripper  characteristics  and  hazardous  waste  generation.  A  test  program  should 
be  implemented  that  follows  the  procedures  outlined  in  the  Test  Plan  revised 
according  to  the  experiences  obtained  during  this  project. 

Chemical  usage  and  bath  life  can  be  determined  by  evaluating  the  results  of  in- 
house  laboratory  analyses.  These  data  can  be  compared  with  chemical  usage  and 
bath  life  data  collected  from  past  operations  (without  the  filtration  system). 

The  particle  size  distribution  and  total  filterable  solids  should  be  determined 
before  and  after  filtration  of  the  alkaline  paint-stripping  solution  with  400-/im,  200-Mm, 


70 


?=0=>0SED  CONrsGU^JATiON 

Figure  17.  Proposed  Change  of  Pressure  Gauge  Location  on  the 
Particulate  Filtration  System. 
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1CX)-Aim,  and  SO-^m  filter  bags.  These  measurements  will  help  to  specify  a  more 
efficient  filter  bag  train. 

Also,  additional  data  should  be  collected  to  estimate  the  mass  of  bath  waste 
collected  per  additional  waste  generated  from  the  filtration  process  (i.e.,  disposal  of 
filter  bags).  Additional  research  should  be  conducted  to  determine  the  operational  life 
of  the  monofilament  filter  bags. 

Long-term  monitoring  of  the  paint-strippping  solution  should  be  conducted  to 
determine  the  filtration  system’s  effect  on  the  characteristics  of  the  paint-stripping 
solution  and  to  verify  that  the  ultimate  desired  benefit  of  hazardous  waste  reduction  is 
achieved. 
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Figure  A-2.  Particulate  filtration  system. 


A*2 


Figure  A-4.  Paniculate  filtration  system  control  panel. 

A-3 


Figure  A-6.  Close-up  of  the  high  pressure  relief  valve. 

A-4 


Figure  A-7.  Particulate  filtration  system  Figure  A-8.  Close-up  of  the  particulate  filtration 

suction  line  with  screen  installed.  system  suction  line  without  the  screen. 


APPENDIX  B 

QUOTATIONS  AND  JUSTIFICATION 
OF  SELECTED  VENDORS 
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Environmental 
Science  & 
Engineering,  Inc. 

•  c^ce«»  •vH 


MEMORAN'DUM 


TO:  Jeff  Davis,  PEI  DATE:  9/19/90 

cc:  Lou  Billelo,  ESE 

FROM:  Jack  Dunne,  ESE 

SUBJECT:  FINAL  QUOTATIONS  AND  RECOMMENDATIONS  ON  THE  ALKALINE 

STRIPPER  PARTICULATE  FILTRATION  SYSTEM 


This  memorandum  pertains  to  the  final  review  and  recommendation 
of  the  system  vendor  to  construct  the  alkaline  paint  stripper 
bath  particulate  filtration  system.  Based  upon  a  review  of  r'ne 
quotations  presented  in  Attachment  #i,  ESE  recommends  that  APT  be 
awarded  the  contact  to  construct  the  filter  skid. 

A  summary  of  APT's  proposed  system  is  presented  below: 

Three  (3)  Strain  Rite  UF10130  304  ASME  Code  Bag  Filters 
arranged  in  series  with  a  three  stage  Roper  progressive 
cavity  pump.  Each  filter  will  have  one  bag  (No.  2  type 
bag),  inscaiied.  The  bags  will  be  50  ,im,  5  j:im,  and  1 
^m  respectively. 

The  equipmenu  will  be  mounted  on  a  304  stainless  steel 
frame  and  include  all  scainless  steel  valves,  fiances, 
mating  flanges,  gages,  and  diaphragm  seals  shown  on  the 
"Revision  1"  process  sketch.  The  frame  site  will  be  4' 
wide  X  10'  long.  There  will  be  a  NE.MA  4X  control  panel 
which  will  include  a  motor  starter,  disconnects,  start 
and  stop  push  bottoms,  HOA  switch,  and  lights  to 
indicate  high  and  low  system  pressure.  One  day  of 
training  at  APT  Incorporated  is  included. 

The  price  for  this  system  is  $25,357  FOB  Letterkenny 
.Army  Depot  (LEAD),  Pennsylvania.  Delivery  time  is  5-6 
weeks  after  receipt  of  purchase  order. 


Selection  of  APT  is  made  based  on  the  following  criteria: 


lowest  price 

shortest  delivery  time 

preferred  filter  basket  design 


jSj  3r.;gf?o":  Avc-.uc 


S.nfsror  CT  OoiSi  prore  ZCS  <>1^  z'Z'i 

Formerly  known  Huntcr'BC.A. 


fit  -.5'..vr 
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•  ship  on  company  truck  (better  coordination 
with  installation  contractor) 

♦  3-stage  progressive  cavity  pump 

The  remaining  components  are  competitive  with  the  other  vendors 
(i.e.  recognized  brands) .  ESE  prefers  the  wire  mesh  basket 
design  rather  than  a  perforated  basket  in  the  filter  housing 
because  there  is  more  surface  area  available  for  filtration. 
Since  APT  will  deliver  the  equipment  with  a  company  owned  truck, 
APT  can  coordinate  with  the  selected  installation  contractor  and 
Letterkenny  Army  Depot  to  deliver  the  equipment  to  the  facility. 

ESE  recommends  that  the  number  of  additional  filter  bags  to 
operate  the  system  be  determined  and  purchased  separately  from 
the  manufacturer.  This  will  allow  LEAD  to  avoid  the  system 
vendor  mark-up. 


If  you  have  any  questions  pertaining  to  the  technical  evaluation 
of  the  equipment  or  ESE's  recommendation,  please  contact  me. 
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Comparison  of  Vendor  Quotes 


Vendor  Quotes 


C.'otnpni'ison  of  Vendor  Quotes 


1  ()vc);iv  CDiiplm)'. 


Comparison  of  Vendor  Quotes 
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IT  Environmental  Programs, Inc. 

11499  Chester  Road 
Cincinnati,  OH  45246-4098 

Letterkenny-Piltration  System  #7  Liq  Frac  Sample 


ANALYSIS 

pH 


RESULT 
AS  RECEIVED 
13.2 


SZ.tfclr.SampieiNo.'SiWU.- 1 620398*— 
Date  Reported  1/29/91 

Date  Submitted  1/11/91 

Discard  Date  2/  6/91 

Collected  1/  7/91  by  J.M 
Time  Collected  1615 
P.O.  6287-3769-4-B 
Rel. 

LIMIT  OP 

QU.ANTITATION  UB  CODE 
0.01  020000700 


1  COPY  TO  .IT  Environmental  Programs, Inc.  ATTN:  Hr.  Jeff  Davis 
1  COPY  TO  Environ.  Science  i  Engineering  ATTN:  Mr.  Jack  Dunne 


Assoc4:o^ 

CV^ncai  4  £«v»fonmfruj 

ci  ttstn; 


Questions?  Contact  Environmental 
Client  Services  at  (717)  656-2301 
126  06130  0.00  000700 


Respectfully  Submitted 
Lancaster  Laboratories,  Inc. 
Reviewed  and  Approved  by: 


See  Reverse  Side  For  Explanation 
Of  Symbols  And  Abbreviations  And 
Our  Standard  Terms  And  Conditions 


Bethany  A.  Eblir.g,  B.S. 
Group  Leader,  Water  Ou.ality 
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IT  Environmental  Programs, Inc. 
11499  Chester  Road 
Cincinnati,  OH  45246-4098 


Letterkenny-Piltration  System  #5  Sludge  Sample 


»LLI_jSamole__Nov;;vJV;;  1620396^ 
Date  Reported  1/29/91 

Date  Submitted  1/11/91 

Discard  Dace  2/  6/91 

Collected  1/  7/91  by  JM 
Time  Collected  1615 
P.O.  6287-3769-4-B 
Rel. 


result  LIMIT  OF 

ANALYSIS  AS  RECEIVED  QUANTITATION  U3  CODE 

Specific  Gravity/Bulk  Density  see  belov  14430100C 

By  this  method  specific  gravity  only  applies  to  liquids  and  is  reported 
without  units.  Solids  or  semisolids,  having  air  spaces  present  in  the 
bulk  sample,  are  determined  as  bulk  density  in  g/cc  units. 

This  sample  consisted  of  two  phases.  The  specific  gravity  of  the  phases 
is  as  follows:  upper  phase  -  1.41 

lower  phase  -  1.66  g/cc  (solid) 


1  COPY  TO 
1  COPY  TO 


IT  Environmental  Programs, Inc.  ATTN;  Hr. 
Environ.  Science  &  Engineering  .ATTN:  Hr. 


Jeff  Davis 
Jack  Dunne 


The  xmtrcx'i  Aisocatc/'  ‘O' 
uooo’^/  Accrecia'x-" 

5<*09cat  4  cnwno*'*-<-Ta» 


Questions?  Contact  Environmental 
Client  Services  at  (717)  656-2301 
126  06130  0.00  001000 


Respectfully  Submitted 
Lancaster  Laboratories,  Inr- 
Reviewed  and  .Approved  by: 

Bethany  A.  Ebling,  3.S. 
Group  Leader,  Uater  Ou.a  ; 


Ane<xaf»  CouocJ  o' 
iroe&e<wi  ucoa’cnes  -re 


See  Reverse  Side  For  sxsienation 
Of  Symsols  And  Abbreviations  And 
Our  Standard  Terms  And  Conditions 


JOanms^JCabomkrrm, 


NconpomjED 


IT  Environmental  Programs, Inc. 

11499  Chester  Road 
Cincinnati,  OH  45246-4098 

Letterkenny-Piltration  System  #6  Liq  Frac  Sample 


RESULT 

ANALYSIS  AS  RECEIVED 

Specific  Gravity/Bulk  Density  1.33 

By  this  method  specific  gravity  only  applies  to  liquids 
without  units.  Solids  or  semisolids,  having  air  spaces 


-jllXi^Sample-  No.^^- 
Date  Reported  f 
Date  Submitted  1 
Discard  Date  2 
Collected  1/  7/91 
Time  Collected  161 
P.O.  6287-3769- 
Rel. 

LIMIT  OP 
QUANTIT..\TI0N 
0.01 

and  is  reported 
present  in  the 


■lo20o9-7— 
/  29791 
/1 1/91 
/  6/91 
by  JM 

w/ 

-B 


U3  CODE 
144301000 


bulk  sample,  are  determined  as  bulk  density  in  g/cc  units. 

1  COPY  TO  IT  Environmental  Programs, Inc.  ATTN;  Mr.  Jeff  Davis 
1  COPY  TO  Environ.  Science  &  Engineering  ATTN:  Hr.  Jack  Dunne 


I 


The  *z/ 

Chcf-ca;  i 

:«cs  if 


Questions?  Contact  Environmental 
Client  Services  at  (717)  656-2301 
126  06130  0.00  001000 


Respectfully  Submitted 
Lancaster  Laboratories,  Inc 
.Reviewed  and  .-.pproveu  by: 


See  Reverse  Side  For  Explanation 
Of  Sy.Ti&ols  And  Abbreviations  And 
Cur  Standard  Terms  And  Conditions 


Bethany  A.  Ebling,  3.S. 
Croup  Leader,  Water  Ou.n'. ’,  ty 
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ANALYSIS  RPP6RT 


IT  Environmental  Programs , Inc . 

11A99  Chester  Road 
Cincinnati,  OH  45246-4098 

Letterkenny-Piltration  System  #1  Represent  Sample 


Date  Reported  l/2v/9i 
Date  Submitted  1/1!/91 
Discard  Date  2/  o/9l 
Collected  1/  7/91  by  JH 
Time  Collected  1615 


P.O.  6287-3769-4-3 
Rel. 


ANALYSIS 
Total  Solids 

This  sample  uas  analyzed  past 
Total  Dissolved  Solids 

This  sample  uas  analyzed  past 
solids. 


RESULT 
AS  RECEIVED 


LIMIT  OP 
QUANTITATION 


636,000.  mg/1  100. 

the  7  day  hold  time  tor  total  solids. 

493,000.  mg/1  100.  ' 

the  7  day  hold  time  for  total  dissolved 


LA3  CODE 
02UJ01 200 

02 120 1500 


1  COPY  TO 
1  COPY  TO 


IT  Environmental  Programs, Inc.  ATTN: 
Environ.  Science  &  Engineering  ATTN; 


Mr.  Jeff  Davis 
Hr.  Jack  Dunne 


The 

3cc>;<v  i  £“v*>VNe-;ii 
5*  ’es'-n; 


Questions?  Conttic:  E-nvi ror..T.encal 
Client  Services  at  (717)  65o-230i 
126  06130  0.00  002700 


.Respec :  fully  Subf.icted 
Lancaster  Laborator .es  .  I'c. 
Reviewed  and  Appioved  by: 


Couf>o> 


See  Reveise  Side  For  Swianation 
Of  Sy.Tibols  And  Abbreviations  And 
Our  Standard  Ter.ms  And  Conditions 


Bethany  A.  Ebling.  3  S. 
Croup  Leader,  ’-'ater  On.':'. ’. ’y 
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December  27,  1990 


Environmental  Science  &  Engineering,  Inc. 
555  Bridgeport  .Avenue 
Shelton,  CT  06484 


Attention:  Mr.  Jack  Dunne 


Ref . :  Letterkenny  Array  Depot 
Our  Project  |  1-3522 

Dear  Mr.  Dunne: 

Enclosed  please  find  the  results  from  the  spin  test 
conducted  on  the  two  samples  submitted  to  us  from 
Letterkenny  Army  Depot’s  caustic  bath  solution. 

The  following  procedure  was  used  when  testing  the  samples. 
The  contents  of  each  bottle  were  agitated  and  broken  apart. 
125  cc’s  from  each  bottle  were  then  poured  into  a  beaker, 
which  was  subsequently  heated  to  190 °F.  Test  tubes 
containing  10  cc's  of  the  heated  solution  were  then  placed 
into  a  centrifuge,  developing  1700  g's  at  the  tip  of  the 
test  tube,  and  spun  for  three  minutes. 


Test  results: 

Top  Sample 

Light  Phase:  3%  pourable  brown  colored  oil  phase  and  1% 

beige  colored  pourable  emulsion  phase. 

Heavy  Phase:  95.7%  slightly  turbid  aqueous  caustic, 

with  deep  yellow  tint. 

Solids  Phase:  0.3%  gray  colored  settleable  solids.  Very 
low  compaction,  very  fine  solids,  possibly 
erosive,  but  unable  to  confirm,  due  to  low 
volume . 


Bottom  Sample 

Light  Phase:  6%  Pourable  opaque  brown  colored  oil. 

2%  Beige  colored  pourable  emulsion. 

Heavy  Phase:  91.7%  Turbid  caustic  with  deep  dirty  yellow 

tint. 

Solids  Phase:  0.3%.  Gray  colored  settleable  solids  with 
very  low  compaction.  May  be  erosive,  but 
grittiness  was  undetectable,  due  to  low 
volume  level. 
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The  results  of  the  samples  that  we  have  obtained  from  you, 
do  not  seem  to  correlate  with  those  results  that  were 
initially  published  in  the  packet  that  was  submitted  to  us 
on  the  14th  of  June  1990.  The  static  settling  tests  that 
were  conducted  indicated  a  solids  level  of  60  -  105  ml. 

Even  allowing  for  the  compaction  generated  in  a  spinning 
centrifuge,  the  results  obtained  in  our  samples  were 
drastically  different  from  results  obtained  in  March  thru 
May.  Based  upon  our  results,  this  application  is  better 
suited  for  a  3  phase  disc  type  separator  centrifuge. 

In  a  disc  style  separator,  one  or  both  of  the  liquid  phases 
may  be  discharged  under  pressure,  while  the  solids  are 
intermittently  ejected  in  the  bowl  periphery.  The  specific 
gravity  of  your  heavy  phase  and  solids  would  require  a 
reduced  bowl  speed  as  a  safety  precaution.  As  with  a 
decanter  style  centrifuge,  the  presence  of  sand  or  gritty 
material  and  subsequent  possibility  of  erosiveness  due  to 
these  materials,  is  still  of  major  concern. 

Please  review  the  information  enclosed  with  your  people,  and 
any  concerned  parties  at  Letterkenny  Army  Depot.  I  would 
appreciate  your  response  and  comments  regarding  the 
disparity  between  sampling  results.  Should  you  have  further 
questions  concerning  the  enclosed,  please  feel  free  to 
contact  the  undersigned. 


Regards , 


CENTRICO,  INC. 


Tom  Kelman 
Process  Specialist 


I 
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February  22,  1991 


Mr.  Jeff  Davis 
P.E.I.  ASSOCIATES  I.VC . 

11499  Chester  Road 
Cincinatti,  OH  45246 

Dear  .Mr.  Davis, 

The  particle  size  analysis  of  your  2  sa.mples  of  Slurry  have  been 
completed  using  the  COULTERS  MULTISIZER.  The  actual  analytical 
conditions  used  are  shown  on  the  top  pages  of  the  computer 
printouts.  The  summary  of  the  test  results  are  as  follows: 


VOLUME  DATA  POPULATIO.N  DATA 


SAMPLE  I. 

D. 

MEA.M 

MEDI.AN 

MODE 

MEAN 

MEDI.AN 

MODE 

2A 

61.95 

74.27 

299.4 

1.697 

1.495 

1.088 

4A 

58.09 

77.92 

189.4 

1.907 

1.672 

1.089 

Enclosed 

please 

find  the 

compute 

rized  data 

printouts  for 

the 

samples  submitted. 

Should  you  desire  any  further  information,  please  feel  free  to 
contact  Hanu  R.  Batchu,  our  Lab  Manager,  or  mvself  at  (S0v5327- 
6531,  e.'Ct.  4306  or  4314. 


Sincerely, 


OH/mev 

Enclosure 
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COULT£R(S)  Hultisizer  AccuCo.t.?{S  )  Rev.  1.10 

3222i;<UL.i01 


Filename:  32221MUL.S01  Sample  Number:  130 

Group  ID:  92221560 

Sample  ID:  2A 

Comments:  E.S.  &  -  INC.  560  140  &  50  U.N  TUBES  OVERLAPPED 

Operator:  OK 

Electrolyte:  ISOTONII 

Dispersant:  NONE 


Aperture  Size: 

560 

UD 

92221560. S01 

140 

urn 

92221140. #01 

50 

UD 

9222150.501 

Channels 

256 

Variable  1:  0.000000 

Variable  2:  0.000000 

Acquired  at:  17:l3  Thu  Feb  21  1991 


11:25  Fri  Feb  22  1 
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COULTER(R)  Mult’,  sizer  AccuComp{R)  Rev.  1.10 

92222MUL.#01 


Fi 1 ename : 
Group  ID: 
Sample  ID: 
Comments : 
Operator : 
Electrolyte : 
Dispersant : 
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COULTER(R)  Multisizer  AccuComp(R)  Rev.  1.10  11:39  Fri  Feb  22  1991 
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Volume  % 
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1.009 
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Skewness:  1.492e+000  Right  skew 

'Kurtosis:  2.933e*000  Leptokurti 

%  > 

10.00 

25.00 

50.00  75.00  90 

.00 

Size  urn 

3.894 

2.431 

1.672  1.295  1. 

134 

9 


COULTER(R)  Hultisizer  AccuComp(R)  Rev.  1,10 

92222MUL.#01 

Volume  Statistics  (Geometric) 
Calculations  from  1.05  urn  to  382.39  urn 


11:45  Fr 1  Feb  22  199 


92222MUL .?01 


Volume 
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Median : 

Mean/Median  Ratio; 
Mode : 


3.346*109  um^ 
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189-4 
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um 
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09 


um 


Variance:  1.418 
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AN  EVALUATTON  OF  IMMERSION  DERUST  SOLUTIONS 


OBJECT 


The  object  of  this  project  was  to: 

1.  Determine  what  influeices  the  iron  sequestering  power  of  imnersion 
derust  solutions. 

2.  Determine  the  thermal  stability  of  Immersion  derust  solutions. 

3.  Develop  a  oerformance  test  for  comparing  the  derusting  capability 
of  various  immersion  derust  solutions  and  Type  1  solutions  conforming  to 
MIL-C-14460,  Corrosion  Removing  Compound,  Sodium  Hydroxide  Base;  For 
Electrolytic  or  Immersion  Application. 

SUf-WARY 


The  calcium  sequestering  ability  of  caustic-gluconate  solutions  was  found 
to  be  caustic  dependent.  In  extremely  caustic  solutions  gluconate  does 
not  sequester  calcium  ions.  The  iron  sequestering  ability  of  gluconate- 
caustic  solutions  was  found  to  be' dependent  on  the  caustic  content  and  the 
ability  of  the  gluconate  to  sequester  more  than  one  iron  (III)  ion.  The 
addition  of  ethylene  diamine  tetracetic  acid  (EDTA)  improved  the  calcium 
sequestering  power  but  did  not  affect  the  iron  sequestering  ability  of 
caustic-gluconate  solutions. 

.Immersion  (Type  1)  derust  solutions  were  depleted  of  gluconate  while  being 
maintained  at  operating  tsmofirature  (240°F).  At'160°F,  no  thermal  degrada¬ 
tion  of  immersion' derust  solutions  was  evident.  Thermal  degradation  of 
immersion  derust  solutions  at  200°F  was  evident  but  to  a  lesser  extent  than 
that  whicn  occurred  at  24n°F.  Little  degradation  of  the  caustic  and  no 
.  degradation  of  the  EDTA  wau  observed  during  the  test  period. 

Rusted  panels  were  placed  in  oerust  formulations  for  various  times  and  at 
different  temperatures.  The  c.mount  of  rust  removed  during  the  test  period 
was  deturminecT.  To  achieve  mi,ximum  rust  removal  from  the  corroded  panels, 
the  derust  solution  had  to  be  maintained  at  the  boiling  point  temperature. 

CONCLUSIONS 


It  was  concluded  that; 

1.  Caustic-gluconate  solutions  could  be  used  to  sequester  tri valent 
iron  when  EDTA  was  not  present.  Addition  of  EDTA  did  not  improve  the  iron 
(III)  sequestering  power  of  the  caustic-gluconate  solution. 
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2,  An  iron  (III)  titration  might  be  used  to  estimate  the  sequestering 
power  of  a  derust  salutiQfl* 

3,  Current  immersion  (Typ®  1)  derusting  solutions  are  tnermally 
unstable.  Maintaining  the  derust  solution  temperature  near  the  boiling 
point  for  80  hours  resulted  in  a  50%  decrease  in  the  aluconate  concentration. 

4.  The. caustic  and  EDTA  content  are  not  significantly  affected  by 
lengthy  exposure  to  operating  temperatures. 

5.  Salt  spray  (ASTM-B117)  rusted  panels  could  possibly  be  incorporated 
into  a  rust  removing  performance  test  for  immersion  derust  solutions.; 

6,.  Eliminating  the  EDTA  from  immersion  (Type  1)  derust  solutions  would 
result  in.  significant  cost  savings. 

■RE  CQMMEN  DAT !  ON  S 


It  is  recommended  that: 

1.  EDTA  not  be  used  in  the  formulation  of  immersion  (Type  1)  derust 
solutions. 

2.  Causcic-gluconate  deust  solutions  be  heated  to  boiling  only  when 
work  is  available  for  processing  to  minimize  thermal  degradation  of  the 
gluconate. 

■  3.  Standard  rust  panels  be  used  for  performance  testing  of  immersion 
(Type  1)  derust  solutions. 

4.  ■  The  immersion  fomiulacion  be  used  to  develop  a  cyanide-free 
electrolytic  (Ty'pe  2)  derust  solution. 

INTRODUCTION 

The  MIL-C-14460  specification  requires  that  gluconate,  EDTA  and  caustic 
be  used  to  formulate  immersion  derusting  solutions  along  with  other  minor 
constituents.  • -The  specification  describes  analytical  procedures  to  be  followe 
for  acceptance- testing  of  these  materials  and  states  that  the  solution  be 
operated  at  a  slow  rolling  boil.  However,  the  specification  does  not 
provide  analysis  to  be  conducted  for  the  purpose  of  replenishing  tHe  bath 
during  production  operations. 

Recently,  some  questions  have  been  raised  as  to  the  efficiency  of  the 
immersion  formulation  in  the  specification.  These  questions  included  the 
following: 

1.  Why  can't  the  immersion  (Type  1)  derust  solution  be  replenished? 
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?:  iKhy  dcSs .the,d#rast  solution  become  ineffective  in  the  absence  of 
production  operations? 

3.  Could  the  immersion  specification  solution  be  made  competitive 
with  current  proprietary  formulations? 

4.  Could  a  performance  test  be  developed  to  evaluate  the  rust  reomoving 
capability  of 'inmersion  derust  solutions? 

These  unanswered  questions,  t;ie  fact  that  some  analytical  procedures  needed 
'-refinement  and  because  the  specification  is  up  for  review  are  all  considera¬ 
tions  which  prompted  this  investigation. 

PROCEDURE  AND  RESULTS 

I.  Sequestering  Ability 

Solutions  containing  25  grams  of  sodium  gluconate  and  varying  amounts  of 
sodium  hydroxide  were  weighted  out  and  placed  in  a  100  ml  volumetric  flask. 

The  mixtures  were  dissolved  with  distilled- water  and  the  flask  was  filled  to 
the  mark.  A  five  ml  sample  of  the  prepared  solution  was  titrated  with  a 
2.22  calcium  chloride  solution.  Five  ml  of  52  sodium  oxalate  was  added  as 
an  indicator  and  the  titration  proceeded  until  calcium  oxalate  was  precipitate 
The  data  is  summarized  in  Table  1.  Note  that  the  calcium  sequestering  ability 
exnibits  a  maximum  at  152-252  sodium  hydroxide. 

Table  1.  Tne  affect  of  caustic  on  the  calcium  sequestering  ability  of  252 
sodium  gluconate. 

Caustic  Content  (2  Weight)  nil  OF  Calcium  used  Caustic  Content  ml  of  Calciutr 


0 

0.05 

20 

30.5 

2 

1.3- 

25 

30.9 

10.5 

35 

0.1 

10 

23,3 

42 

0.01 

15- 

28.4 

50 

0.01 
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Thli  data  is  shown  graphically  in  Figure  1. 


Weight  %  of  Sodium  Hydroxide 

Figure  1.  Affect  of  NaOH  on  the  Calcium  Sequestering  of  ZS%  Sodium  Gluconate 


The  preliminary  test  using  c.ilcium  was  conducted  because  calciuit  is  generally 
used  to  determine  the  seques  .ering  power  of  many  solutions.  However,  derust 
solutions  must  be  capable  of  sequestering  iron.  A  second  group  of  solutions 
was  prepared  by  dissolving  25  grams  of  sodium  gluconate  along  with  varying 
amounts  of  caustic  in  a  100  ..il  flask  and  diluting  to  the  mark  with  distilled 
water.  A  one  ml  sample  was  Litrated  with  2.3*  ferric  chloride  hexahydrate 
until  a  ferric  hydroxide  pre  :ipi tate.  was  formed.  Data  could  not  be  acquired 
with  the  low  caustic  solutiois  since  the  ferric  chloride  (acid)  solution 
neutralized  the  caustic  that  was  present  and  no  ferric  hydroxide  precipitate 
would  form.  Data  acquired  from  the  titrations  is  summarizec  in  Table  2. 

Note  that  the  iron  sequestering  ability  of  gluconate  continuously  increases 
as  the  caustic  content  increises. 


Table  2.  Affect  of  Sodium  H>droxide  on  the  Iron  (III)  Sequestering  Ability 
8f  59S  98diWfi(  Gluesnase 

Caustic  Content  by  Weight)  ml  of  Used  Caustic  Content  ml  of  Fa  used 


0 

Not  enough 

OH 

20 

20.0 

2 

ti  It 

tl 

25 

24.5 

5 

II  It 

II 

35 

32.S 

10 

II  la 

tl 

42 

38.0 

15- 

11  It 

It 

50 

36.0 

This  data  is  shown  graphically  in  Figure  2. 


Figure  2.  .  Affect  of  Sodium  Hydroxide  on  the  Iron  {III)  Sequestering  Ability 
of  25«  Sodium  Gluconate 


One  other  eaustie-§lueafl*n  var^iiaU  wai  invistigatea.  This  time  cne 
caustic  was  held  constant  at  25  grams  or  50  grams  and  the  gluconate 
content  was  varied.  Samples  were  prepared  as  previously  described  in 
a  100  ml  volumetric  flask.  five  ml  sample  was  titrated  with  2.5%  iron 
chloride  until  ferric  hydrox.de  was  precipitated.  Data  is  summarized  in  ■ 
Table  3. 


Table  3.  The  Affect  of  25%  .nd  50%  Sodium  Hydroxide  on  the  Iron  (III) 

Sequestering  Abili'/  of  Sodium  Gluconate  at  Various  Concentrations. 

50%  NaOH  plus  25%  NaOH  plus 


G1 uconate 

ml  of  Fe  (III  Used 

Na  Gluconate 

ml  of  Fe  (III)  used 

'5 

2.8 

5 

16.0 

10 

43.2 

10 

21.0 

15 

44.0 

15 

22.5 

20  * 

45.6 

20 

24.0 

25 

47.2 

25 

24.5 

30 

49.3 

30 

24.7 

35 

46.5 

35 

26.5 

40 

44.3 

40 

27.0 

Ten  grams  of  3Na  EOTA  was  dded  to  this  solution.  The  flask  was  heated 
to  boiling  to  get  the  EDTA  ii.to  solution.  A  five  ml  sample  was  titrated 
with  iron  (III)  chloride  solition  to  the  ferric  hydroxide  end  point.  The 
titration  required  41.0  ml  o  iron  (III)  solution.  This  indicates  that 
EOTA  does  not, improve  the  iron  (III)  sequestering  power  of  the  gluconate- 
caustic  mixture.  . 
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Tfls  data  in  Table  3  was  used  to  prepare  Figure  3. 


Figure  3.  The  Affect  of  Sodium  Hydroxide  on  the  Iron  (III)  .'equestering 
Ability  of  Various  Sodium  Gluconate  Solutions 


Some  calculations  were  made  to  determine  the  amount  of  irjn  (III)  sequestered 
by  the  20%  sodium  gluconate  -  50%  sodium  hydroxide  sample.  Calculations 
showed  that  under  these  conditions  three  moles  of  iron  (III)  are  sequestered 
by  one  mole  of'-sodium  gluconate  prior  to  precipitation  of  ferric  hydroxide. 

Ten  grams  of  3Na  EOTA  was  disjolved  in  100  of  distilled  water.  Ten  ml  of 
25%  ferric  chloride  was  added  and  a  yellow  colored  solution  resulted.  Ten 
grams  of  sodium  hydroxide  was  added  and  a  ferric  hydroxide  precipitate  was 
observed  indicating  EDTA  does  not  sequester  iron  (III). in  a  10%  caustic  . 
solution. 
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lit  Thermal  Degradation 

The  following  solution  wtS  prepared: 

Sodium  hydroxide  . .  324  grains 

3Na  EDTA . .  90  grams 

Sodium  gluconate . 186  grams 

Distilled  water . to  one  liter 

Four  hundred  ml  of  this  stock  solution  was  placed  in  a  500  ml  beaker. 

An  analysis  of  the  compounds  was  performed  by  (1)  titrating  the  caustic 
with  hydrochloric  acid,  (2)  a  potentiometric  titration  of  EDTA  with 
calcium  and  (3)  determining  ihe  optical  rotation  of  the  gluconate. 

The  solution  was  placed  in  a  furnace  at  240°F  and  periodic  analysis  of 
the  solution  was  performed.  Data  acquired  from  the  analyses  are 
summarized  in  Table  4. 

Table  4.  Values  Obtained  During  Periodic  Analysis  of  a  Derust  Solution 
at  240°F. 


Time  (hours) 

Caustic 

Gluconate 

EDTA 

ml 

Fe  (III)  Seques 

0 

55.4 

23,6 

13.2 

31.5 

20 

55.0 

19.1 

13.3 

33.5 

40 

53.3 

16.3 

13.2 

29.5 

90 

48.7 

72.3 

12.7 

12.0 

44  grams 

of  sodium  gluconate 

added 

140 

48.5 

22.0 

13.0 

33.0 

190 

47.5 

17.6 

12.9 

18.0 
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Table  4  snows  tfli  jlueortal^j  conctntradon  &tcoin«»  si^nlfUaMtly  deputed 
after  90  hours  of  exposure  to  240®r  even  enough  no  rusty  specimens  were 
processed  in  the  bath.  Table  4  also  shows  that  the  gluconate  concentration 
can  be  replenished  by  a  simple  addmon  or  sodium  giuconate. 

Another  four  hundred  ml  sample  of  the  stock  solution  was  placed  in  a  500  ml 
beaker.  The  stock  solution  was  analyzed'  using  the  procedures  previously 
described  and  the  solution  was  i.nen  placed  in  a  furnace  at  160°F.  Periodic 
analyses  of  the  solution  were  conducted  and  the  results  are  summarized  in 
Table  5. 


Table  5. 

Values  Obtained 
at  160°F. 

During  Periodic  Analysis 

of 

a  Derust  Solution 

Time  (hours)  •  Caustic 

Gluconate 

EDTA 

ml 

of  Fe  ( III )  Sequesti 

0 

55.4 

23.1 

13.1 

32.2 

44 

53.6 

22  .'9 

T-3‘.0 

30.6 

112 

54.0 

23.5 

13.4 

23.4 

160 

54.0 

22.1 

13.2 

30.9 

208 

55.3 

23.3 

13.3 

31.6 

280 

56.0 

24.0 

13.4 

32.0 

The  data  presented ’in  Table  5  indicates  that  very  little,  if  any,  thermal 
degradation  occurs  at  160  F.  Liis  may  be  the  reason  why  some  proprietary 
formulations  are  recommended  for  use  at  140  -160  F, 

The  thermal'  stability  of  two  derust  solutions  at  200°F.  One  solution 
consisted  of  400  ml  of  a  MIL-C- 14460  Type  1  compound  (600  grams  pr  liter) 
and  the  second  solution  (stock  solution)  consisted  of  the  following: 

Sodium  Hydroxide . .  •  •  •  i^Og 

3Na  £DTA  ' . 369 

Sodium  gluconate . •  74g 

Distilled  Watar . up  to  400  ml 
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Pen’ odis  analysis  w@F8  !  §fl  ffig  sely-ligns  and  She  resalss  are  shown 

in  Table  6. 


Table  6.  Thermal  Oecomposion  o  the  Specification  Soltuion  (A)  and  the 
Stock  Solution  (B). 


A. 


lime  (hours) 

Caustic 

G  uconate 

EOTA 

ml  of  Fe  (III)  Sequestered 

0 

53.3 

24.5 

10.2. 

30.0 

16 

52.7 

22.0 

9.95 

29.5 

40 

51.2 

20.5 

10.6 

30.0 

68 

52.1 

20.0 

•10.9 

29.0 

92 

49.5 

'18.8 

•10.3 

28.0 

164 

47.3 

16.7 

10.2 

26.5 

8. 

0 

51.6 

26.5 

12.5 

31.0 

24 

53.0 

24.0 

12.7 

31.0 

48 

51.2 

21.0 

12.4 

30.0 

72 

51.0 

18.8 

12.8 

29.5 

144 

47.7 

16.2 

12.5 

28.0 

192 

49.0 

16.0 

12.9 

27.0 

Table  6  shows  that  at  200°F  thermal  degradation  of  the  gluconate  is  experienced 
but  the  degradation  is  much  leis  that  that  experienced  at  240°F.  Thus  it 
would  seem  advantageous  to  start  out  with  a  minimum  amount  of  gluconate  and  the: 
replenish  with  gluconate  as  it  is  depleted.  Also,  to  k^p  the  thermal  degrada¬ 
tion  to  a  minimum,,  the  solutioi  should  only  be  heated  when  materials  to  be  . 
derusted  are  available.  Holdir.g  the  solution  at  operating  temperatures  in 
anticipation  of  periodic  processing  will  greatly  reduce  the  efficiency  of  the 
bath  and  add  to  the  derusting  costs.  Thermal  degradation  of ’derust  solutions 
.at  various  temperatures  is  shorn  in  Figure  4. 
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IlL  Performance  Testing 

Panels  of  SAE  1020  steel,  2"  x  3"  x  ).06",  were  vapor  degreased, 
blasted  with  250  /nesh  glass  beads  and  exposed  to  the  5i  salt  spray  test 
(ASTM-B117)  for  16  hours.  The  panels  were  rinsed  with  distilled  water 
and  placed  in  an  oven  at  210°F  for. a  minimum  of  eight  hours.  The  panels 
were  removed  from  the  oven  approximately  one-half  hour  before  being  weighted. 
They  were  immersed  in  a  derust  solution,  water  rinsed,  dried  and.  reweighted. 
Finally  the  panels  were  blasted  clean  with  250  mesh  glass  beads  and  weighted 
again.  In  this  manner,  the  amount  of  rust  removed  by  the  derust  solution 
was  compared  to  the  total  amount  of  rust  on  the  specimen.  Various  derust 
formulations  at  different  temperatures  were  tested  using  this  procedure. 

The  data  obtained  during  performance  testing  is  summarized  in  Table  7. 
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Table  7.  Performance  of  Derust  Formulations  at  Various  Temperacures, 

• 


Derusting 

•Solution 

Immersion 
Time (min) 

Removed 

Rust(mq) 

Residual 
Rust (mo) 

Total 

Rust (mg) 

Rust  Remoy 
Total  Ru5f 

Type  1  (600 ’g/l) 

240 

10 

217.9 

6.6 

224.5 

•97.0 

Type.l  (300  g/l) 

223 

10 

213.8 

14.9 

228.7 

93.3 

Exp'l  Type  1  (3%  3Na  EDTA) 

220 

10 

203.1 

14.8 

217.9 

93.2 

Proprietary  Type  1 

215 

10 

197.8 

25.7 

223.5 

88.6 

Stock  Solution  (300  g/l) 

218 

10 

183.9 

29.6 

213.5 

86.4 

97g  NaOH  )  ... 

.  27g  3Na  EDTA}^^^ 

235 

10 

41.9 

136.9 

178.3 

23.5 

97g  NaCH 

232 

10 

57.0 

147.4 

204.4 

27.9 

•  97g  NaOH  )  ...  , 

56g  Na  Gluconate) 

234 

10 

178.6 

2.0 

180.6 

.  99.0 

ICO  ml  T.G.  NaOH)  i 

I3g  Na  Gluconate)" 

224 

10 

182.6 

■  7.4 

190.0 

95.8 

Stock  (300  g/l)  Air 

Agitated 

160 

60 

108.9 

107.2 

216.1 

51.9 

Type  1  (300  g/l) 

150 

60 

72.4 

151.1 

223.5 

32.5 

ExpM  Type  1  (3%  3Na  EOTA) 

150 

60 

116.1 

99.1 

215.2 

54.0 

•Type  1  (600  g/l) 

150 

60 

166.7 

39.6 

206.3 

80.7 

Proprietary  Type  1 

150 

60 

88.8 

125.8 

214.6 

41.1 

Stock  Solution 

150 

60 

115.3 

122.4 

237.7 

48.4 

Type  1  (600  g/l) 

150 

30 

96.3 

110.0 

105.3 

46.6 

Type  1  (600  g/l ) 

185 

30 

195.6 

10.9 

206.5 

94.5 
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Table  7  shows  that  all  derust  solutions  are  most  effective  at  their  boiling 
point,  ft  also  snews  tnas  sai^  efl§  ^fisa  s§§cif7U5R5  aa/i  gg 

used  to  distinguish  the  ability  of  a  solution  to  remove  rust.  Natural  rust 
may  be  more  difficult  to  remove  that  salt  spray  formed  rust,  but  Tabic  7 
shows  that  time  and  temperature  can  be  altered  to  make  a  performance  require¬ 
ment  more  difficult  to  meet. 


DISCUSSION 

D.uring  this  investigation  additional  reference  work  was  conducted  to  learn 
more' about  the  possible  reactions  of  Type  1  compounds  in  an  effort  to  explain 
the  chemical  processes  which  occur  in  derust  solutions.  First,  the  poor 
thermal  stability  of  sodium  gluconate  in  a  hot  caustic  solution  will  be 
discuss'sod.  The  following  paragraph  describes  one  of  the  processes  which 
could  occur. 

“The  complex  reaction  sequence  promoted  by  the  action  of  aqueous  alkali  at 
35°C  on  reducing  sugars  includes  isomerization,  fragmentation  and  fragment 
recombination.  Two  kinds  of  products  form:  carbohydrates  and  saccharinic 
acids.  The  products  of  fragmentation  are  themselves "at  the  oxidation  level 
of  carbohydrates  and  they  may  isomerize  or  recombine  to  form  larger  molecules. 
In  addition,  there  are  formed  colored  products  of  high  molecular  weight  and 
undeterii.ined  structure."  (1) 

This  statement  applies  to  glucose,  but  the  site  at  which  these  reactions  occur 
is  along  the  six  carbon  atom  chain.  The  only  difference  between  glucose  and 
sodium  gluconate  is  the  functional  end  group.  The  atomic  arrangement  along 
the  carbon  chain  is  identical. 

A  reaction  which. appears  in  an  organic  text  is  written  as  follows: 

R-CO^  Na  +  H^O  +  NaHC03 

NaOH 

' - ^-Na^CO^  +  H2O 

This  represents  a  decarboxylation  reaction  in  which  a  CO-  group  is  removed 
from  the  gluconate  and  in  the  presence  of  caustic  forms  Sodium  carbonate. 

If  the  gluconate  content  is  increased  to  50%  in  a  30%  caustic  solution  and 
heated  to  boiling,  excessive  gassing  of  the  solution  is  observed.  ■  Remembering 
that  alcohols  can  be  oxidized  to  acids  in  the  presence  of  an  oxidant  and  acid, 
the  gluconate  could  possibly  decompose  in  a  caustic  media  to  produce  oxygen 
and  the  corresponding  aldehyde  or  alcohol. 


(1)  Journal  of  the  Anerican  Chemical  Society,  1952,  page  4y9. 

(2)  Organic  Chemistry  by  Cram  and  Hammond. 
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ThfJ  sr*9p9ssd  rsastiQn  would  be: 

2  RCO^Na  +  2H^O - ►  2  R-Cf^  +  2NaOH  +  0^ 

or  R-CO^Na  +  ZW^Q  — ►  RCH^OH  +  NaOH  +  0^ 


These  reactions  would  render  the  optically  active  gluconate  inactive  and 
account  for  the  gassing  that  occurs  along  with  the  depreciation  in  tlie 
gluconate  concentration.  Thus,  a  combination  of  isomerization,  fragmenta 
tion,  decarboxylation  and  deoxygenation  of  gluconate  may  be  involved  when 
sodium  gluconate  is.  present  in  caustic  soltuions. 

Secondly,  The  chemical  reactions  involved  in  the  rust  removal  by  caustic- 
gluconate  solutions  was  investigated.  The  following  are  statements  or 
reactions  from  various  references  related  to  the  rust  removing  or  iron 
sequestering  capability  of  derust  solutions. 

1.  For  high  temperature  work,  EOT A  may  be  more  economical  due  to 

its  better  thermal  stability.  •  "•  ■ 

2.  EDTA  forms  stable  complexes  with  ferrous  and  ferric  ions. 


3.  To  some  extent  EOTA  is  relatively  ineffective  as  a  sequestering 
agent  in  the  presence  of  high  caustic  soda  concentrations. 

4.  The  electron  attracting  tendency  of  iron  (III)  is  sufficiently 
great  so  that. “induced  dissociation"  of  the  hydroxyl  proton  occurs  on  the 
gluconate. 

5.  Sodium' gluconate  in  highly  alkaline  solutions  can  be  completely 
dehydrogenated  on  the  -OH  groups. 


6.  The  iron  (III)  complex  formed  with  gluconate  at  pH  9.3  has  the 
following  structure: 

“  H  H  H  H  H  n 

-■  'C  -  C-  C-r-C-C-H 

0  0  0  'JH  .0  OH 

Hg."-;  I  ■•..gH 
H  OH  H 


7.  fe2P2  2NaOH fa2Fe20^  +  H^O 

^802  and  oC  the  boiling  point 
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8.  +  28^0 


•  nH20  +  2NaOH 
9.  +  30H' - ►FeCOH)^  ;  2Fe(0H)3 -< - ^Fe203  •  3H2O 

This  illustrates  that  caustic  is  the  ingredient  which  most  significantly 
affects  the  dissolution  of  rust.  The  gluconate  is  simply  there  to 
sequester  iron  (ITI).  An  overfill  reaction  for  rust  removal  can  t^ius  be 
postulated  assuming  the  complex  at  pH  9.3  is  typical  and  the  fact  that 
gluconate  sequesters  iron  (III)  on  a  1:1  basis. 

Fe^O^  +  4RC02Na  +■  4NaOH - ►  2  [Fe(RC02)(0H)]  -f-  2RH  -r  2Na2C03  +  3/2  O2 

This  reaction  is  a  combination  of  the  following  reactions. 

A.  2NaOH  +  Fe203 - **  ^^2^^2°4  ^2° 

3.  Na^Fe^O^  ARCO^Na  +  2NaOH  +  H2Q-^  2Na2  jFe(RC02)(0H]]  -i-  Na2C03  +  3/2  0 


Note  that  all  these  processing  reactions  can  be  written  without  including 
EOTA  into  the  reaction. 

One  ocher  factor  remains  to  be  discussed  and  that  is  how  can  more  than  one 
mole  of  iron  ()II)  be  sequestered  by  one  mole  of  gluconate,  A  1967  report 
states  that  polymeric  iron  oxide  could  be  formed  by  adding  caustic  to  an 
iron  (III)  citrate  complex.  Polymers  with  a  molecular  weight  of  more  than 
1.5  million  were’  produced. 

A  proposed  structure  for  such  an  iron  oxide  polymer  is  shown. 
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The  aasie  F5-9:>  •  3Hfl9  fermulatien  is  ssntinudlly  repeatae.  In  relatively 
the  same  manner,  gluconate  could  sequester  iron  II II)  on  a  mole  for  mole 
basis  until  an  excess  of  iron  (III)  is  present.  Then  polymeric  iron  oxide 
could  begin  to  forr  and  the  extent  to  which  it  would  grow  (and  be  sequestered) 
would  depend  on  the  structural  stabilities  of  the  polymer  and  the  parameters 
under  which  it  was  growing.' 
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